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E. D. LATIMER, a.m.iec., and 
B. ASH t 


This article describes a new layout for the coaxial pairs and paper-core quads in the joints of a composite multi-coaxial-pair cable. The 

adoption of the new layout, which is planned so that access to the coaxial pairs for maintenance purposes is made easy, should minimise the 

risk of long duration interruption of coaxial telephone or television circuits during cable repairs. The jointing technique to give the new 
layout has been approved by the Telephone Cable Contractors’ Committee. 


Introduction 


“YOAXIAL cables frequently contain several layers 

of paper core (P.C.) quads laid up over a core of 
Acoaxial pairs and P.C. quads or pairs. At jointing 
points the layer quads are jointed with a certain amount of 
slack to facilitate access to the coaxial pairs for maintenance 
purposes; the slack being obtained by jointing the layer 
quads over a wooden barrel or former (see Fig. 1), which is 





BARREL Type JOINT IN ( 














3. 2. BARREL Type Joint COMPLETED; SHOWING LimITED AccEsSS 
TO COAXIAL Parr 


removed after completion of the wire jointmg. The 
wooden barrel is made up of a number of interlocking 
segments to enable it to be taken apart and removed from 
the joint. The use of the barrel, however, gives only a very 
limited access to the coaxial pairs, as is shown in Fig. 2; 
the criss-crossing of the layer quads resulting from “ test- 
selected”’ or “‘systematic’’ jointing forms a cage-like struc 
ture over the coaxial pairs and prevents working access 

Some recent coaxial cable operations, two of which are 
described below, have shown that an improved type of 
joint is necessary. 


Diversion of Coaxial Pairs from the London-Slough Cable 
into Museum Telephone Exchange 


lo cater for the future transmission of television signals 

» the West Country by cable, Coaxial Pairs 3 and 4 of the 
London-Slough cable were, in July 1951, cut in and out 
of Museum telephone exchange (Post Office Television 
ferminal, London) ; the cable make-up is 4x. pr. 375*4 
408 pr./20 Ib. The diversion necessitated the opening of a 
main joint in the cable so that the two 2 cx. pr. 375 4+ 16 
pr./20 Ib. spur cables could be jointed-in. The lead sleeve 
of the joint measured 30 in. « 5 in., and the jointing gap 
26 in. Although the P.C. quads were fairly slack—they 
had been jointed over a wooden barrel in the standard 
manner—it was impossible, by separating the quads, to 
expose the coaxial pairs sufficiently for the jointing work 
lo obtain the necessary working space around the coaxial 
pairs the jointer had to resort to the expedient of tempor- 
arily piecing-out the P.C. quads, and not until he had 
pieced-out about half the total number of quads in the cable 
could he commence work on the coaxial pairs. The work 
was still further hindered by the difficulty of working on 
coaxial pairs in close proximity to each other, and although 
the diversion was satisfactorily carried out it could have 
been effected in probably a quarter of the time if the main 
joint had been designed so that adequate access to the 
coaxial pairs was readily obtainabk 


Fault on the Birmingham-Manchester No. 3 Cable 


During October, 1951, a sheath fault in a length developed 
on this cable (6 cx. pr. 3754-376 pr./20 Ib.) at Stafford. 
The cable carries the television programme from Birming- 
ham to the North of England, and quick repair was very 
desirable. It was therefore decided that, as a first step, 

t The authors are, respectively, Executive Engineer and Assistant 


Engineer, External Plant and Protection Branch, E.-in-C.'s Office 
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(Avoidance of severe setting of coaxial pairs 
Identification of P.C. quads to be at least as easy as 
in the present joint 
Che joint to be no bigger than the present barrel type 
The design of the joint to be such that it can be made 
under normal jointing conditions 
rhe cost of the joint to compare favourably with that 
{ the present type 

h) The time taken to make the joint tq be no longer 
than that taken for the present type 

The way in which the new joint is made is described 





the Coaxial Pairs (Fig. @(a) 


The Pit quads of each length are folded back, the quads 
ver which the coaxial pairs are laid being passed between 
idjacent coaxial pairs to bring them into proximity with 
the layer quads. The coaxial pairs of each length are 
separated from each other by making them pass over a 
truncated cone-shaped paxolin former, which ts placed so 
that its narrow end is about 3 inches from the lead sheath 
The coaxial pairs are then jointed, and the two formers are 
eft permanently in the joint. It has been the practice, 

er jointing two coaxial pairs together, to wrap with 
empire tape the bi-metallic outer condactor jointing ferrule 
ind the portion of the coaxial pairs from which the paper 
tapes have been removed ; the paper tapes are ther 
lapped over the empire tape Che empire tape is used to 
prevent water, which may have entered a coaxial pair in a 
ible length under fault conditions, from leaking from the 
ixial pair at a nearby joint and thence passing into coaxial 
pairs in the adjacent cable length (the water barrier in the 

iXial pair joint prevents direct leakage from one cable 
ength to the next). This wrapping process takes con 
iderable time and it was decided, when making the new 
int, to use plastic sheaths over some, of the coaxial pairs 
is an experiment. It is hoped that in the near future it 
will be possible to make this practice a standard feature of 
ixial jomting 

For some years now it has been the practice to joint 
together similarly numbered coaxial pairs, 1.e. Coaxial Pair 1 
f one length is jointed to Coaxial Pair | of the adjacent 
length, Coaxial Pair 2 is jointed to Coaxial Pair 2, and so on 
This is a good practice, but it sometimes results in the 
jointed coaxial pairs not being quite in line with the cable 
within the jointing gap (shght twisting of the cores of the 
lengths “to be jointed is permissible to keep this non 
linearity to a minimum In the photographs the jointed 

axial pairs are exactly in line with the cable sheaths, but 
the deviations from this ideal met in practice do not in any 
way interfere with the new jointing technique 





























Jointing the Paper-Core Quads (Fig. 6(b) and (¢ 
At about 5 inches from each lead sheath a star-shaped 
wooden former is fixed around the coaxial pairs. Linen 
binding tape is used to build up the 6 coaxial pair core of the 
joint so that the formers grip and firmly retain their 
positions on the coaxial pairs. Each former is made up of 
JOINTING PLE! s FORME ND PAA four separate segments, and is held together by tying the 
sai irms of adjacent segments with string. Interlocking 
egments have been tried, but the simple design of former 
shown in the photographs has proved more satisfactory. 
Che quads are passed over the formers and are jointed in 
various stages In making the space between them, the jointed quads being parallel 
cable joint. The technique was evols er careful con to each other and in line with the cable within this space 
sideration of the following x reme! ibout 17 inches). As each pair of quads is taken for 
a) Easy and adequate access ny one jointing, the jointer selects a position on the formers to 
without the need for cing 1 n\ ' suit both quads as far as possible ; this is a matter of com 
quads promise as quads to be jointed rarely occupy similar 
positions relative to the formers test selected” and 
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Removing Formers and Completing the Joint (Fig. 6(d 

The string holding the formers together is cut and the 
egments are removed separately. The joint is tied an 
wrapped with paper in accordance with standard practice 
and the lead sleeve of the joint is plumbed in position, N 


increase in the dimensions of the lead sleeve is necessary as 


»7 ] 


the standard 27-in. jointing gap has been retained, and the 
in. diameter sleeve normally used is amply large enoug! 


tccesstbslity of Coaxial Pairs 


Figs. 7 and 8 show the PP quads tied back by 











Jour’, PC. Quaps Tigo Back 
COAXIAL Pairs 


give full access to the coaxial pair it 1 
compare these photographs with Fig. 2 
maximum access obtainable with the 





arrel type of jomnt ig hows the ease with which 
Idering operatio irned out on a coaxial pair 
without the necessity for any piecing-out of the P.C. quads 
Jointing Multi-coaxial-pair Cables, not having Layer P( 
uads 
The use in truncated cone-shaped paxolin 
formers, t ixial pairs from each other, ts 
mmended also for coaxial cables not having layer P.( 
ids. The working space around each coaxial pair, given 
the formers, enables the jointer to work with greater 
ease and spéed nm maintenance work speed is important 


if lost service time is to be kept to a minimum. 


kield Trial 

The new joint was used on the Birmingham-Manchester 
No. 3 Cable when jointing-in the new length required to 
make a permanent repair of the cable at Stafford, following 
the temporary repair described earlier in this article 
Fig. 9 shows the jointing in progres No difficulties were 





Tue New JOINT IN COURSE OF CONSTRUCTION ON 
s1RMINGHAM-MANCHESTER No. 3 CABLE 


experienced in applying the new technique 


{ ONCLUSION 
rhe authors hope that the joint described in this article 
ind recommended for all future composite coaxial cables 
will lead to a impliti ation of the jointer’s work durir g 
ible construction, diversions, and maintenance, and will, 
the event of a cable breakdown, facilitate the early 
toration of coaxial telephone and television circuits. 
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Air Compressors for External Works 


U.D.C. 621.51 


This article gives a brief review of a number of the compressor units now available for use on external works. 


J. J. MOFFATT, Assoc.t.Mpch.€., A.MALEE 


In each case the particular 


sphere of usefulness is mentioned and details are given of the various pneumatic tools forming part of the unit. 


Introduction 


LTHOUGH it is recognised by engi that the use 
of compressed air for the purpose of driving individual 
tools is less efficient than ral « thods, the 
use of compressed air does offer defin ough small 
advantages, both practical and ecor in overall 
review of a work is made. The primarily 
from the flexibility, rapidity and ease of application, and the 
freedom from the need to take special precautions with the 
leads serving the tools. Thus, the use of 
particularly suited to field work where alternative sources of 
power may not be available or could le availabk 
after considerable delay 
Air « ompressors have been used by the British Post Office 
on external construction and maintenance works for many 
years, and this short article reviews the recently 
introduced types, indicating the particular field of useful- 
ness, together with the limitations of use, of each type 
rhe large-capacity compressors are used mainly to serve 
such pneumatically operated tools as road breakers’ hammer 
drills, clay spades and submersible pumps, and are classified 
in sizes according to the number of medium-duty road 
breakers (air consumption approximately 50 c.f.m.) that 
may be operated simultaneously from one compressor. The 
air compressors used for this type of work by the British 
Post Office are in three main divisions, viz., two-tool, self 
mobile (i.e. lorry mounted) types; two-tool, tr 
types; and single-tool, trailer-mounted types. In 
range of tools, etc., is supplied with the machines 
For reasons of standardisation, economy in « 
availability of spare parts, etc., the prime-movers 
engines) and compressor units are of standard « 
type and hence are not described in detail 


idvanta 


mpressed air is 


more 


iler-mounted 


each type a 


ij ital cost 
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lwo-T ool, Self Molhile Type 
he self-mobile air compressors cater for a large number 
of disconnected jobs scattered about an area, and provide 
that extra power which a gang requires for a relatively short 
period ona specific operation, e.g. breaking through a concrete 
road to « xpose a blocked duct or a faulty cable When such 
specific operations are completed, the ichine may con 
tinue to further works, leaving the rt 
their normal operations. The self 
and hence a considerable progr 
necessary to warrant the provisio 
type 
Che twin-cylinder compressor 
petrol-engine and operates on the 
principle, having a piston displ 
delivering 110 cubic feet of air pet 
This method of operation e1 bles 1 
supplied via a simple after-coolet 
where further cooling takes pl 
delivered to the tools at a te my 
above the ambient temperature 
Each self-mobile air compressor (I 
a tool equipment comprising tw 
breakers, two hand hammer-d: 
spades, two rammers (punners 
four pick steels with cl 
lengths, four asphalt 
50-ft. lengths of heavy-duty ai Se 
light-duty air hose for use a i f 


moil points 


t 
ifiering 


24 pick steels wit! 
ints, 12 drill rods of d 


msel pol 
ul } 


cutters, 24 detachable mp bits, four 


10-ft. lengths of 


reased 


Fic. 1.-Se_r-Mosi_e Arr-Compaessor AnD Toot Equipment 


flexibility when using the smaller tools) and the necessary 
nipples to enable the tools to be used in combination when 
so desired 

Iwo of the long lengths of hose are accommodated on 
reels mounted one on each side at the rear of the unit and 
within the canopy (see Fig. 2). The two reels are of the live 








2 Se_r-MospiLe Atr-CoMPRESSOR WiTH Sipe CANopy OPEN 


entre type, le. compressed air is delivered to the centre of 

ich reel and available in the hose without further conne« 

tions being made. The hoses may be drawn out through 
ipertures in the rear of the unit and are thus ready for uss 
immediately the particular tool has been connected. A total 
if four air-delivery cocks is provided, in addition to those for 
the above-mentioned a multiplicity of 
maller tools to be used simultaneously when required, For 
this purpose the size of all connections on the hoses 
etc., have been standardised at } in. B.S.P 

Che tools are accommodated in compartments on each 

side of the unit, while the associated cutting tools, steels 
ete ire located transversely across the front of the com 
pressor unit. The tool compartments (Fig. 3) are provided 
with lids to keep out rain when the appliance is used in such 
onditions and the canopy sides are necessarily open for the 
effective cooling of the plant. Operating and day-to-day 
maintenance instructions are provided in a pocket in one of 
the compartments 
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ler = petrol-engine 
twin-cylinder, water 
pressor having 
lelivering 60° cubic 
100 Ib. ‘sq 


ility tubing 


il trailer-chassis mem 
tly assists in main 
able The length of 





unit is only 8 ft. 6 u discharged to a 8$-gallon air receiver. The compressed air is 


pphed to the guns via a purifier consisting of a reducing 


overall widt! 


a filter, condensation chamber and a separator or 

to enable all undesirable elements, oil, water, etc 

» be removed and also to enable the pressure to be varied 

ording to the type of paint being used. Since the 

pressure required for most types of paint does not exceed 

ipproximately 75 Ib. /sq. i in automatic unloader is fitted 

luce the speed of the prime mover when this pressure 

ched in the air receiver, and to speed up the prime 

when the pressure falls below 60 Ib./sq. in. The 

ime movers in the outfits used on external works are 

lustrial type, air-cooled petrol engines of 2 h.p. and 
the compressors by means of “V"’ belts 

[he equipment supplied with each unit is accommodated 

e big. 9) within a folding wire-mesh enclosure to ensure 

that the numerous accessories are not lost in transit, as 

well as to provide protection against accidents in the vicinity 

{ the belt drive. The equipment supplied with each petrol 

ine-driven set includes two paint guns of the siphon 

ressure type, two 30-ft. lengths of air hose, four |-pint 

int cups to facilitate rapid changes of colour, tools, gun 

ining kit and operating ‘nstructions 
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Phe guns supplied are of lightweight construction (18 02 
reduce fatigue and are fitted with a combination of 
zzle, air-cap and needle-size suitable for general-purpose 


luties. This combination is not, however, suitable for use 





with cellulose-base paints and such use is discouraged on 
vccount of the fume and explosion risks. Manipulation of 
the controls on each gun enables the operator to work with 
i small-diameter fine spray, a wide cone-shaped spray or 
intermediate shapes, according to the need of the work 

Che provision of fairly large rubber-tyred wheels, castor 
wheel ind towing bar enables the sets to be re adily 





manceuvred despite their weight (approximately 34 cwt 

Although these sets are intended primarily for the appli 
cation of paint, they are also suitable for the operation of a 
onsiderable range of small pneumatically operated hand 
Is associated with painting work, e.g. paint scrapers 
chipping hammers, et 


normal 


1, the il I I Det t mI nd 1 1] 











The Public Utilities Street Works 
Act, 1950 


U.D.C. 351.712 


E. A. PAGE ¢ 


This article first gives a brief historical survey of the legisiation covering street-breaking by statutory undertakers with an outline of the 
considerations leading to the Public Utilities Street Works Act of 1950. The main provisions of the new Act are then explained in simple 
terms and an indication given of the manner ia which these provisions affect the Post Office in its external plant operations. 


Introduction 


r SHE Public Utilities Street Works Act is an Act 
providing a comprehensive code of procedure fot 
the breaking up of streets by statutory undertakers 

eg. gas and electricity boards, water undertakings and the 

Post Othee. It also regulates the circumstances arising when 

undertakers’ apparatus is affected by road works, bridge 

ilterations and the like. It applies equally to Government 

Departments where they operate in the « apacity of statutory 

undertakers (i.e. the Post Office) or as highway authorities 

i.e. the Ministry of Transport for trunk roads) 

sedes the corresponding provisions in the many public 

general Acts and some thousands of private Acts and 

Orders dealing with undertakers’ and highway authorities 

works in streets and roads. Agreements governing the 

exercise of such powers so far as they are inconsistent with 
the street works code are also invalidated, with the ex« ep 
tion of those relating to reinstatement, The Act applies to 

Great Britain, but not to Northern Ireland, the Isle of Man 

and the Channel Islands, and for most purposes came into 

effect on the 26th April, 1951 


, and super 


Historical Survey 


It had long been recognised that the existing legislation 
dealing with the breaking-up of streets by statutory under 
takers, based largely on Acts over a hundred years old, was 
in many respects, inadequate. Advances in the science of 
road engineering, the growth of road traffic and the develop- 
ment of public utility services had given rise to problems in 
the relations of statutory undertakers and highway 
authorities which were not provided for by existing legisla 
tion. Considerable diversity also existed between the 
statutory powers ol the different undertakers; the gas and 
water undertakers, for example, usually having the right 
not always exercised, however, to carry out the reinstate 
ment of the disturbed surface themselves, whilst for 
electricity undertakers and the Post Office the highway 
authorities could elect to do so. Water, gas and electricity 
undertakers also had, in general, statutory powers to break 
open all streets, whether public or private, but the Post 
Office only had the right to break open public roads 

In 1925, therefore, a Negotiating Committee 
of representatives of the various local authorities’ associa 
tions and the Conjoint Conference of Public Utility 
Association representing water, gas and electricity 
interests, was formed to work out a scheme to regulate the 
mutual rights and labilities of the parties concerned. The 
Negotiating Committee had no power te bind their con 
arrive at an agree 


consisting 


stituents, but were merely required to 
submitted to the participating 
issociations, Successive drafts of a clause were produced 
ifter prolonged discussions, in 1926, 1928, 1934 and again 
in 1938 when a final draft was prepared, but none was 
found acceptable to all parties, the most contentious point 
by far being the apportionment of the cost of removal or 
iteration to undertakers’ plant rendered necessary by an 
ilteration of the highway The Post Office was not repre 
ented on the Negotiating Committee, but it 1s of interest to 
note at this point that, im 1933, it had concluded its own 


ment which could be 


* Higher Executive Officer, External Plant and Protection 


Branch, E.-in-C.'s Office 


Ss 


agreement for the reinstatement of Post Office trenches 
with the Institution of Municipal and County Engineers, 
one of the bodies represented on the Committee, and this 
document has formed the basis of the Department's 
agreements with the great majority of highway authorities 
ever since 

Early in 1939, however, a Joint Committee of the House 
of Lords and the House of Commons, under the chairman- 
ship of Lord Carnock, was formed to consider the various 
water, gas and electricity Acts involving the breaking-up of 
streets and to report what modifications were necessary to 
meet modern conditions. The Negotiating Committee's 
Clause of 1938 was taken as the basis for consideration and 
evidence was heard from the parties concerned. The chief 
point at issue again became the cost of alteration of under- 
takers’ apparatus due to road works. The undertakers 
argued, on the one hand, that, as they had been authorised 
by Parliament to lay their apparatus under roads as the 
only practicable means by which they could carry out their 
obligations to supply certain necessities of life, it would be 
unfair to them and their consumers to have to bear the cost 
of alterations to their plant made necessary by works in 
the interests of road traffic. The highway authorities, on 
the other hand, contended that the laying of apparatus 
under their highways was forced upon them without option 
and that they ought not to be called upon to bear the 
additional expense because an alteration of the highway 
necessitated also an alteration of apparatus in the placing 
of which they had no choice. On the broad principle, 
however, that whoever initiated road works requiring an 
alteration to undertakers’ apparatus should bear the 
cost of such alteration, the Committee finally proposed that 
the cost of removal or alteration of apparatus made neces- 
sary by road improvements should be borne by the highway 
iuthority. The Carnock Committee issued a report in the 
same year, giving their recommendations and detailing the 
proceedings of the Committee, but owing to the outbreak 
f the war, further action was suspended. In 1947, however, 
the matter was revived again when the Post Office and other 
bodies concerned were asked to give their views on the 
report, and in 1949 a Bill was drafted, substantially in line 
with the Carnock Committee's report, which reached 
Parliament early the following year. It was considered first 
in the House of Lords and then in the House of Commons 
and was finally passed, without any drastic alteration, in the 
Autumn Session of 1950 


Vain Provisions of the Act 

The Act is in four parts. Part 1 (Sections 3 to 14 and the 
First, Second and Third Schedules) contains what is des- 
cribed as the street works code, which sets out the procedure 
regulating the breaking-up of streets by statutory under- 
takers. The code reproduces the main features of existing 
odes in the principal Acts governing the operations of 
statutory undertakers. Undertakers are required to settle 
plans and sections of their proposed street works (except 
in most cases of service and overhead telegraphic lines and 
certain other small works) with those responsible for the 
street concerned: and if the works are to be done in a street 
going over or under a bridge or crossing a transport system 





such as a railway or canal! oru ere wit! a puDlic sewer 
they must also settle plans an ctions with the bridge 
transport or sewer authority, respectively. They must give 
seven days’ notice of the commencement of such works to 
the street or other authority, and three days’ notice for 
Special provision ts made tor emergency 


P| plans ind Se ions and t 


service lines, et« 
works, the submission ¢« otices of 
commencement being permitted as soon as is reasonably 
practicable in such cases. Undertakers are required to go 
about their works in a reasonable way so as to mitigate in 
terference with road traffic and safeguard the public, and 
interested parties are given the opportunity to supervise 
works touching their interests. The code also contains 
three important provisions 
1) Street authorities are 
undertakers’ works except most overheat 
telegraphic line works) of carrying ot e final reinstate 
ment if they so elect at the expense of the undertakers 
concerned, but the undertakers are permitted to carry 
out the temporary restoration up to surface level and the 
street authority may not disturb this filling-in within 
12 in. of the undertaker’s plant unless otherwise agreed 
by the respective parties 


ive! le right 
na 
| 


with all 
" 
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(2) Street authorities can require, in appropriate cases, 


that the apparatus be laid in controlled land, that is 
unbuilt-on land alongside,a highway which has been ear 
marked for the eventual widening of the road, instead of 
in the road itself. This is an important departure from 
existing codes and is designed to ensure that undertakers’ 
apparatus is laid where it will interfere least with road 
improvements. 

(3) Transport authorities, in view of the peculiar 
susceptibilities of their systems to damage or danger, may 
themselves elect to carry out such breaking-up and 
reinstatement in streets crossing their systems by bridge 
or otherwise, as the undertaker is permitted to do, at the 
latter’s expense 
With the exception, however, of th: 

mentioned, which extends undertakers 
circumstances to laying apparatus in land abutting on a 
road, the street works code in no way increases or extends 
undertakers’ statutory powers to lay apparatus in, or 
break up, Streets. 

Part II (and the Fourth Schedule) of the Act deals with 
the circumstances arising when it is necessary to move o1 
alter undertakers’ apparatus owing to street or bridge 
alterations, or transport works. As already indicated, this 
situation had always given rise to a good deal of dispute 
between undertakers, highway authorities and other 
apart from the Telegraph Acts which required the Post 
Office to meet the cost of any removal of hei plant 
consequent on an alteration in the line or level of a road 
general legislation had little to say on the point. The Act 
however, now lays down that, with certain exceptions, when 
road or bridge alterations make it necessary for undertakers 
to move or alter their apparatus, the cost ving or 
iltering the undertakers’ apparatus shall, in tl ircum 
stances, fall on the party carrying out the 1 l or bridge 
alterations or transport works, This was one of the cardinal 
recommendations made by the Carnock Committee after 
very full consideration, but the exceptions mentioned are 
of importance rhe first is that where an undertaker’s plant 
has to be altered because of street, bridge or transport 
works made necessary by subsidence for which the authority 
concerned is not to blame, e.g. in a mining area, the under 
taker cannot claim the cost of alteration from the authority 
In the second case it has usually happened in the past that 
when undertakers came to lay apparatus in a street and 
knew of any works a street, transport or bridge authority 
intended to carry out, they placed their apparatus in such a 


second provision 
powers in certain 


since 


position as to offset the effects on that apparatus of the 
proposed works, e.g. by laying it along a different line or at 
a different depth. The Act endorses this procedure, laying 
down that if at the time an undertaker submits a plan and 
section (or notice, where a plan and section is not required) 
of a proposed work, the street or other authority gives 
notice and serves a plan and section of impending street or 
other works which may affect the apparatus, the authority 
shall be relieved of the liability to pay for any alterations 
which may then prove necessary to the apparatus if they 
carry out such works within two years (or up to four years 
if such extension be subsequently authorised by the 
Ministry of Transport). The last exception provides for the 
situation arising when undertakers whose apparatus needs 
to be altered owing to an authority's works take the 
opportunity to carry out improvements to their apparatus 
or are enabled to replace apparatus nearing the end of its 
useful life. In such cases the costs to be met by the pro- 
moting authority are reduced by an amount which repre- 
sents the benefit accruing to the undertakers. Where, 
however, the undertaker has to substitute apparatus of 
greater length than that which has to be moved because of 
the promoting authority's works or to provide some 
addition, such as a jointing chamber, the promoting 
authority has to meet the cost of the additional work. 


Part III deals with a number of matters arising from the 
preceding Parts. One important section provides a code for 
the mutual protection of undertakers when the operations 
of one undertaker are likely to affect the apparatus of other 
undertakers in the same street, requiring, amongst other 
things, that operating undertakers shall not begin such 
works (other than those relating to service or overhead 
telegraphic lines) until they have given due notice of their 
nature and place to the other undertakers. Operating 
undertakers are required to comply with the reasonable 
requirements of owning undertakers for the protection of 
the latter’s apparatus and to meet the cost of making good 
any damage which occurs. 

Another section deals with the restriction of traffic which 
may be rendered necessary by undertakers’ works and the 
liability of the undertakers for meeting the cost of use of 
alternative routes, whilst a third section, of considerable 
importance in view of public reactions on the point, restricts 
the right of undertakers to break up maintainable highways 
during the twelve months following the closing of a sub 
stantial part of the highway for the execution of road works 
or resurfacing. The section does not apply to service and 
overhead telegraphic lines in a part of the highway other 
than in the carriageway, and provision is made for works 
in satisfaction of an enactment or agreement already made. 


Part IV of the Act deals with questions of procedure. On 
that of arbitration (for which provision is made in the 
previous Parts when undertakers and street, etc., authorities 
are unable to reach agreement on, say, plans and sections 
or reinstatement requirements), it is laid down that a single 
arbitrator shall be appointed by agreement between the 
parties concerned or, in default of agreement, by the 
President of the Institution of Civil Engineers. The appli- 
cation of the Act to London and Scotland, where special 
circumstances arise on certain points, is also dealt with. It 
is of interest to note with regard to London that the street 
authorities may elect to reinstate in all cases of service and 
overhead telegraphic lines as well as other works, and that 
in Scotland, appointment of an arbitrator in default of 
agreement is made by the Sheriff. For the purposes of the 
Act, the limitation of a service pipe or line to a length of 
not more than 100 yds. is laid down, and definitions of the 
expressions used in the Act are also given. A street, for 
example, is defined as “‘any length of a highway (other than 
a waterway), road, lane, footway, alley or passage, any 
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quare or court and any length of land laid out : + ay Post Office was required to meet the cost of such removal 
whether it us for the time be ing formed a . y or ft if an alteration in the line or level of the road was involved 
rrespective of whether the highway, road or ot! ing | [he position is now reversed, although it must be borne in 
juestion 1 i thoroughfare or not reasor mind that the street authority is required to meet only 
comprehensive definition! the cost of removal or alteration actually attributable to 
the plant in situ and that the extent to which the Post 

k flect on the Post Office Office may benefit by introducing new plant must be allowed 
So far as the Post Office is concerned. whilst the Act dor for in assessing the costs of the work. Other points of 


] i 
not affect in any way the powers of the P.M.G. under the lifference are that, wh s formerly the Post Office was 
Felegraph Acts to place telegraphic lines in streets, it do required to give th lectricit) iuthorities courtesy notice 
regulate the exercise of those powers in the actual work of mly of projected works an ind water authorities 
onstructing overhead and underground lines in streets (the notice only when alteration to their pipes was likely to be 


erving of road-opening notices, reinstatement, guarding involved, noti © nor given under the Act wher- 
and lighting, etc.). The Telegraph Acts, which have pr ever other undertakers’ plant is likely to be affected 
ided the sole authority for such works for neart aie milarly, other undertaker w have to give the Post 
have undergon urprisingly little alteration, conti Othce notice o et ks. Also under the Telegraph Acts 
apart fron w small amendments. to the c: ee highway authorities had the right, although rarely exercised 


sections 10 ind 17-20 of the Act of 1863 and. so far f urying out the entire temporary restoration of the 
works covered by the new Act are concerned. Se trench in addition to the permanent reinstatement, whilst 
of the Act of 1916. It is indeed a tribute to the skill of at the same time y could only supervise the actual 
the drafters of the 1863 Act in particular that so much of : Can p of the highway Phe position in 
it rermains to the present day. Consents are still necessary . a 
for all overhead plant, except when placed in controlled land 
under the authorisation of a street authority an 
underground plant in unadopted roads in urban district 
A point of note, however, is that when overhead plant is so Some months’ operation of the Public Utilities Street 
placed in controlled land the P.M.G.'s flying wire powers | Works Act has now been experienced and there has been 
respect of it remain unaffected. Plans and sections wl marked evidence of a desire on the part of the bodies 
have now to be furnished to the street authority for oncerned to get the Act working as smoothly as possible 
underground plant (other than service lines) to be laid Frequently street authorities have sought a continuation of 
adopted streets replace the consent procedure for ich existing arrangements, whilst on other occasions they have 
plant (inchiding settlement of depth, course and position initiated round-table conferences with the undertakers and 
but it was stressed during the proceedings in Parliament rived at reinstatement conditions acceptable to all 
that they should be kept as informal and simple as possible parties. In a few cases which are proving difficult of 
The work may not, however, be carried out within 12 months solution, it seems, nevertheless, to be agreed that if possible 
ft the closing of a substantial part of the highway for road irbitration should be avoided, and with a little give and 
works or resurfacing, save in certain case take on both sides, satisfactory solutions will, no doubt 

A major change has taken place with regard 1 h be found ‘ indeed, that much of the value of the 
emoval or alteration of Post Office plant resultu I Act hes im its ¢ s on a reasonable interpretation of 
treet authority works. Under the lelegraph Act " its provisions | ll concerned 
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Transatlantic Telephone Service—Commemoration of Notable Anniversary 
621.396.5: 061.75 
ONDAY, the 7th of January, 1952, wa w 25tl | inderground cal rough London to Rugby Speech 
f the opening of the fu mi ial t \ rk \ rom a microphone working directly into 
1 ervice act the Atlanti hict e long-wave sing leband sender at the Rugby Station 
pened in 27 between London and New i" wire circu \ provided throughout as at that 
the anniver y was marked by an exchange of greetin time the terminal voice-operated devices, necessary for 
between Mr. C. Fb. Craig, President of the Americas ‘ two-wire working, had not been completed. Lonospheri 
phone and Telegraph Company, and Sir Alexandet the mnditions at the time were very favourable and the quality 
Director-General of the Post Office the speech in both directions was clear and free from 
An interesting link with the ceremony of listortion, the voices of the individual speakers being easily 
provided when Mr. Walter S. Gifford, the present recognisabl Those present included Mr. Proctor Wilson 
U.S. Ambassador in London—who as President of the { the Western Electric ¢ ipany, Messrs. Oswald and 
American Telephone and Telegraph Company at that time Knettles, on loan to that Company from the Bell Telephone 
made the inaugural call to Sir Evelyn Murray, Secretary Laboratories, Mr. C. O rn, the Assistant Engineer-in- 
to the Post Othce-——also spoke from the United State Charge of the Station, the writer and other members of the 
to Lord Salisburv, Lord Privy Seal and Leader of the Station staff and Sir George Lee who was at that time 
House of Lord Staff Engineer in charge of the Radio Section at Head- 
The opening ceremony was not the first I ! uarters 

which a telephone conversation took place across the The Post Ofhce now operates ten or twelve direct radio- 
Atlantic. Speech had been passed from Arlington to Pari telephone circuits to New York and many other circuits to 


in 1915 but the first two-way conversation took place at 27 overseas points through which telephone subscribers 
10 a.m. on Sunday, the 7th February, 1926, from the main n the United Kingdom can be placed in telephone com 
transmitting room at the Rugby Radio Station’. The munication with some 75 extra-European countries. Some 
peech from New York was received at a special receiving 1,000 long-distance radiotelephone calls are now dealt with 
station built by the Post Othce at Wroughton, near Swindor each week at the International Exchange in Wood Street 
where Mr. F. E. Nancarrow was officiating, and was ssed in the City of London, and of these about 1,700 are with the 
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A Postal Order Printing and Issuing 


Machine P. G. S. CHICK, Grater. 
U.D.C. 683: 681.6 


This article describes a machine for printing and issuing postal orders at Post Office counters. The advantages of using the machine 
are stated and a description is given of some of the more important mechanical featares. 
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TLINE OF OPERATION 


Features machine is made in two sections. The upper section 
onvenience of operati ’ , ) contains the dies and meters, can be tilted back and 
bas . , les oi ld in position by i strut when the machine ts unlocked for 


into the top of the counte f : , 
provided in the counter to enable rhe eT eT t ¢ CINE Fig 3 re-inking or when changing the date 


the paper compartment in also be easily removed for maintenance 
operator sets up the valu the postal order required Ip] ind lower sections with their covers removed are 
means of the shillings and 1 Figs. 4and $. The upper section has four locating 
right-hand sides, respecti which engage accut itely with four locating forks in 
is indicated by the engray he lower section when in position 

knob. The operator then . When the operating lever is pressed, the motor switel 
right-hand side The completely-1 ted 1 ee ( s, the clutch engages and the paper carriage, on which 
delivered at the left-hand sid e¢ operation of the machine he inking rollers are supported (see Fig. 5), moves to the 
taking ibout 2} Ser yack OF the ! I 0 allow ink to be transferred from the 
operating lever. The | rdet e wi he ollers Ke 
counterfoil. is then t } returns to the normal position (as in Fig. §). Next, tl 
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Upper SECTION With Cover Removal 


impression rollers are driven by an arrangement of levers 
ind cams from right to left underneath the paper, pressing 
it up against the inked dies. The «tmpression roller which is 
ed to print the cheque-written value has circumferential 
idges which mate in similarly spaced grooves in the valu 
Ihe second impression roller is of rubber and this, in 
conjunction with other dies, prints the date, poundag: 
office name and identification letter After printing, the 
impression rollers are lowered and moved back to their 
riginal positions at the right hand end of the paper 
urriage. At the same time, the feed rollers 
the printed order and counterfoil out of the left-hand end of 
the machine ready for detaching. The recording of the 
poundage and value takes place during the printing and 
issuing stages. Finally, at the end of the cycle, the cl 
lisengages and the motor switch opens 
fhe machine is driven through reduction gears by a 
1/40 h.p. motor mounted on anti-vibration supports. A 
handle is provided for manual operation in the event of a 
failure, and for use when testing 


rotate, leeding 


Ihe machine 1 poundage 
etc., in the spaces 


with a tolerance of by in. in any direction 


required to print the valu 
provided on the partly pre-printed forms 
rhe positioning 
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of the paper relative to the dies is achieved in the vertical 
direction by the provision of guides for the upper and lower 
edges of the paper. In the horizontal direction the position- 
ing is carried out by the arrangement shown in Fig. 6. The 
upper pressure roller, which holds the paper down against 
the lower feed rollers, has been omitted in the figure 

Assuming that the first form has just been printed by the 
machine, the lower feed rollers will rotate, pushing it to the 
left and drawing the second form into the printing position. 
he forms will continue to be fed until the positioning holes 
between the first and second forms reach the feed rollers. 
\t this stage there is no paper between the thin portion of 
the lower feed rollers and the upper feed roller and the paper, 
therefore, comes to rest. It remains at rest with the rollers 
still rotating until the wide shoulders, shown on the 
periphery of the rollers, pick up on either side of the holes. 
After feeding the forms forward an additional } in., the 
machine stops. The first form may be detached and the 
second form is ready for printing 

It will be seen that the position of the second form is 
letermined by the position of the holes between the forms, 
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Fic. §.—Lower SECTION WITH COVER REMOVED 


ind, since the holes are punched at the same time as the 
pre-printing is carried out, the correct position of the 
printing spaces relative to the dies is ensured. 


6 THe Paper-Feep ARRANGEMENT 








“10s. and Over’’ Device 


A felt brush (Fig. 4) connected to a reservoir of purple 
ink is contained in the upper section of the machine, with the 
tip of the brush just clear of the top edge of the paper. When 
the value is set at 10s. or over, and the machine is operated, 
the brush is lowered by means of a cam on the shillings die 
shaft so that it rests on the paper. The feed rollers rotate 
and draw the paper against the brush, leaving a purple line 
along the top edge of the issued order. Towards the end of 
the cycle the brush is raised by means of a second cam 


Value Selection and Recording 


The shillings and pence value setting knobs are connected 
to the value printing drums by means of concentric shafts 
carrying stepped cams which form part of the value record 
ing and poundage control mechanisms. Fig. 7 shows the 
pence recording mechanism with the stepped cam in the 





Fic. 7.—Tue Pence RecorpInG MECHANISM 


position taken when the pence setting knob is at zero. When 
the machine is operated, the plunger is pushed upward by 
an arm in the lower section of the machine, raising the free 
end of the crank shown. The right-hand end of the con- 
necting bar follows the crank under the action of a spring 
until the stop engages with a facet of the stepped cam. The 
left-hand end of the connecting bar depresses the pence 
rack which, in turn, rotates the intermediate meter pinion 
Recording takes place on the upward stroke of the rack after 
the plunger has been released later in the cycle, the down 
ward stroke being made ineffective by means of a ratchet 
and pawl fitted behind the intermediate meter pinion 

Similar arrangements are provided for recording the 
shillings and poundage. The recording of pence and shillings 
takes place simultaneously in the value meters and a device 
is provided whereby any shillings to be carried forward 
from the pence meter are stored until the main recording 
cycle has been completed before being released into the 
shillings meter. The duplicate or check meters are driven off 
the same recording racks 


Sorting. 

The machine-issued postal orders are sorted according to 
their serial numbers only, instead of to their values and 
serial numbers as is the case with standard postal orders 
Sorting holes are drilled in the packs of postal order forms 
after fanfolding, the positions of the holes being different for 
each pack. Because the forms are fanfolded, six holes have 
to be drilled, although only three of these are actually used 


for sorting each order. As the positions of the holes differ 
from those on a normal postal order, a specially modified 
sorting machine is used. The holes will eventually be 
punched during the pre-printing process, when only three 
holes will be required 


Inking Arrangements. 


It is necessary to re-ink the machine after about every 
5,000 impressions, or about every three days at a busy office 
Black ink is evenly applied by means of a brush to the lower 
of the two felt inking rollers. The two rollers are then 
rotated together by hand, using the knurled knob at the 
end of the upper roller to spread the ink and to ensure even 
impression. 


Safeguards 


In order to make the machine as fraud-proof and as 
proof against misoperation as possible, locking devices are 
incorporated to make it impossible to operate the machine 

(a) without inserting the operator's identification bat 

(see Fig. 4), 

6) with the setting knobs incorrectly positioned, 

c) when there is no paper in the machine, 

d) when the machine is unlocked. 

A locking bar is provided to make it impossible to alter 
the value setting once the operating lever of the machine 
has been pressed 


Additional Features 

When there are less than 100 forms left in the paper 
container a gong is struck each time the machine is 
operated, thus warning the operator to replenish the supply 
A new pack of 1,000 orders can be joined to the end of the 
pack in the machine very quickly without taking the 
machine out of service. A special jointing device is provided 
to make the operation as simple as possible 

When the upper section is tilted back, a lamp is switched 
on inside the machine, illuminating the dies and inking 
rollers to assist the operator to carry out the operations of 
date changing, inking, et 


CONCLUSION 


rhe first machine is now on field trial at Romford H.P.O 
and preliminary results show that some time is saved on 
each transaction. This is largely due to the fact that it is no 
longer necessary to make up postal orders for odd amounts 
by attaching stamps to the 27 standard values. The 
machine-issued postal orders do not require date-stamping 
by hand as this is carried out automatically by the machine 
There is also an appreciable saving in the time taken to 
balance the cash taken against issues made during a 
counter clerk’s shift. This is due to the provision of the 
value and poundage meters. A simple subtraction enables 
the clerk to determine the value of postal orders sold during 
the shift. In addition, the arrangements for the supply of 
postal orders of many different values from stock are 
simplified by the use of the single type of postal order form 

The scheme and the specification for the machine were 
initiated by the Post Office and the design and manufacture 
carried out by the Bell Punch Co., Ltd., Uxbridge. It is 
hoped to introduce further machines at other Post Offices if 
the Romford trial proves successful 











Thermal Problems of Small Underground 


Installations  <«. D. BOMFORD, ms. amicet 
U.D.C. 536.629.7 


This article describes theoretical and experimental investigations made to obtain thermal design data for small underground installations 

housing telecommunications or similar equipment. The theoretical approach is based on the equivalent electrostatic capacitance between 

two conducting surfaces and it is shown that calculation on this basis provides a useful indication of the temperature rise likely to be 
experienced in an underground installation of steel construction. 


Introduction 


WONDITLIONS ometimes arise that make the was, perhaps, more than usually necessary, in view of the 
installation of telecommunications equipment belo uncertainty of some of the data. Thus, the thermal con- 
Avround an attractive possibility Ihe principal luctivity of soil and the dissipation of heat at the surface of 
uivantages that can be claimed for this type of installatior the ground are both somewhat indefinite quantities. 
tly, a high stability of operating conditions, which i Experiments were therefore made with three cylindrical 
particularly attractive for frequency-standard equipment tanks of widely different size that were readily available 
for example ind, secondly that it could provide the 
‘ lutyon to acute accommodation problems that may | ae In . 
on telecommunication systems in built up area enmarinane ahaa trie 
iwivantage may, in certain circumstances, outweig! uM ectrostatic Anal 


onvenience and maintenance difficulties of such instal The inalogy between thermal and _ electrostatic 
ithor ind some consideration has therefore been w1' it phenomena in the ste idy state was ce scribed by Sir William 
in accommodating small unit Thomson in 1842,' and it is interesting to note that he used 
ind. It soon became apparent that th he analogy to solve electrostatic problems from a knowledge 

dissipation of heat from thermionic apparatus requir { heat flow. To-day the converse process is more usual and 


the problems imnvolved 


' 
quipment below rot 


letailed investigation as it would obviously be a majo 1 theoretical or experimental determination of the electro- 
nfluencing the general design tatic capacitance between two conducting surfaces leads 
resent article is concerned solely with this aspect lirectly to a knowledge of the rate of heat flow between 
oblem and describes the theoretical and experiment sothermal surfaces. Thus, if two isothermal surfaces P, and 
itions that have been made to obtain the required P, are maintained at temperatures 4, °C and ¢, °C, res 
yn data. It was decided to consider equipmes pectively, then the rate of heat flow between P, and P, is 
in underground cylindrical steel tank, buried wi IW watts, where 

f ixis vertical and with access provided by a conventiona i t, t R 1) 

mantle thu bape of tank probably combine 
onstruction and installation with the best use 





In this formula F is a thermal resistance factor, which for 
i Siete ts SRG Wahine Ue aici adios tie units quoted is expressed in thermal ohms,” and it can 
) ‘ 8 an : be shown® that, if C’ is the electrostatic capacitance be- 
tween P, ai , when separated by a medium of unit 
permittivity, then the thermal resistance R’ between P, and 
The temperature rise of the component pat of th P, is given by 
juipment above the ambient temperature can be ¢ trolle« R a (2) 
t i certain extent at the design stage and for nionu ink 
equipment is usually between 20° and 40° The actual 
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where K is the thermal conductivity, in C.G.S. units, of the 
nent temperature during the life of the equipment 


vary in sympathy with the ambient temperatur intervening medium. In equation (2) R’ is expressed in 

' C/cal./see. and C’ in E.S.U.(cms). It is usually more con- 
venient for calculation to express the resistance in thermal 
ohms, the conductivity in terms of thermal resistivity in 
thermal ohms per cm. cube,* and the capacitance in micro- 
microfarads; the appropriate conversion factors yield the 
formula 


ur temperature inside a buried steel tank which ts 

pating power will be higher than that of the surrounding 

ince sufficient information exists to enable the 

| temperature to be predicted with reasonable 

! blem resolves itself into determining the 

perature rise of a steel tank above the surroundings Re S 
hum Ihe variable involved in the estimation of the R - ; 
temperature rise of a buried cylinder are the diameter and tn 0-9 ¢ 11-3 ¢ 

ht of the cylinder, the depth of the cylinder below th« where R thermal resistance in thermal ohms 


| surface, the power dissipation, and the thermal S thermal resistivity in thermal ohms per cm. cube 
ity of the soilin which the cylinder is buried. The ( capacitance in micro-microfarads 

it a suitable cylindrical tank are too large for rhe 

experiments in which the diameter, height and 

ystematically varied and this made it necessary 

the problem theoretically in an attempt to 


neral relation between the inlables con 


calculation of the temperature rise of a_ buried 
vlinder dissipating a given power can thus be made by 
substitution in equation (1) above, and the appropriate 
thermal resistance for use in this equation can be determined 
by equation (3) from a knowledge of the thermal resistivity 
of the surrounding soil and of the electrostatic capacitance 
between the tank and the surface of the ground, assuming 
earch Establishment, M. of S., formerly Set that a medium of unit permittivity intervenes. The 
Radio Experimental Branct igineer-tr letermination of the capacitance to the surface of the 
ground for the present type of tank, i.e., a cylinder buried 


with its axis vertical, will now be considered 


ind, an experimental check of the analysi 


On the Uniform Motion of Heat in Homogene: 
+ Connection with the Mathematical Theory = 


n, Camb. Math, Journ. Feb., 1842 r rmal resisti ‘, in thermal ohms per cm. cube is 
f Heat in Solids p. 342. H ! elated ‘ ermal vducti 3 in C.G.S. units by the 
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The Capacitance 
Horizontal Plane 


The calculation of the « apacitance 
a plane perpendicular to its axis ts di ilt, and a search of 
the literature did not reveal a gene However, a 
solution having an estimated ace 4 I I 
which is considered to be adequate 
was evolved, as described in the 
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dimensionless parameters t 
tank at any depth within 
on the curves 

These curves, in conjun 
the thermal resistance of 
specified depth and in 
resistivity. This, in turn, will 
the tank for a given power d 
1). If this solution is to have 
essential to consider the several 
practice, modify the idealised 
presented 


Some Factors affecting the Calculated 


rhe calculation of the temperature 
tank is subject to errors that may be 
heads, viz., errors of approximation 
inevitable idealisation of the problem 
tion, arising mainly from inadequate 
thermal properties of the soil 

The formula already given appl 
between two isothermal 
medium, and it is assumed that the rfa ten uN 
are unchanged by the flow of heat, or that equilibrium has 
been attained. In practice, temperature differences will 
exist between the extremities of the tank, due to the con 
centration of its sources of heat id to the difference in 
thermal resistance of the path ( heat flow from tl 
different parts of the tank. Furthermors e temperature 
of the surface of the ground will n be uniform, for the 
transfer of heat from soil to air will 1 the temperature at 
the ground surface, and so in the tank, by an amount that 
will vary with the distance from tank. The medium 


surtaces 


t 
t 
I 


that separates the two surfaces is not uniform, for concrete, 
as well as different types of soil, will usually surround the 
tank, and the presence of nearby pipes and cables will 
affect the flow of heat. Again, for the calculation of its 
thermal resistance to the ground surface, the tank will 
usually be assumed to be a simple cylinder, and it may not 
be possible to allow accurately for the effects of a manhole 
or cable connections, which will decrease the thermal 
resistance and cool the tank 
Che thermal resistivity of a particular type of soil is 
found to depend greatly upon its moisture content, and the 
effect of water appears to be greater than that of soil type 
but it is usually sufficiently accurate to assume a resistivity 
f 100 thermal ohms per cm. cube for any type of soil likely 
to be met in the British Isles. This assumption is based on 
list of soil resistivities given in Table | 
The assumption has also been made that there is no 
temperature gradient in the soil except that due to the tank 
itself, although for the depths at which tanks may be 
yuuried, the soil temperature is in fact lower in summer and 
higher in winter than the surface temperature by an amount 
that increases with depth. Fortunately, this has only a 
mall effect in the present case. A steel tank buried in soil 
with a temperature gradient, and with no power dissipation, 
will assume a teripe rature intermediate between that corre 
sponding to-the depths of its top and bottom surfaces, In 
the soil te nipe rature difference for de pths differing 
some 10 ft. (the maximum likely height for a tank) is 
ly about 2°C, if the smaller depth is greater than 6 in., so it 
is accurate enough to estimate the final temperature by 
idding the calculated temperature rise to the soil tem 
perature at the mean depth of the tank 


TABLE 1 


Thermal Resistance of Various Soils and Materials 
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EXPERIMENTAL INVESTIGATIONS 
Description of the Field Trials 


Measurements were required over a wide range of 
parameters so that a reasonable experimental check on the 
theoretical analysis could be obtained, and the temperature 
rises of three underground tanks of widely different dimen 
sions were investigated with appropriate internal power 
dissipations. The first test was made on a comparatively 
large underground steel chamber that had been con- 
structed at Baldock Radio Station to accommodate fre- 
quency-standard equipment, and which, fortunately, was 
not only of the desired cylindrical shape with its axis 
vertical, but had not then been brought into service and 
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was thus readily available for test. This was followed by 
measurements at Dollis Hill on a small buried oil drum. In 
addition to the convenience of making measurements on 
what was in fact a small-scale model, the oil drum possessed 
the added advantage that, unlike the other tanks, it was a 
smooth cylinder directly comparable with the idealised 
theoretical case. The third series of measurements was 
made on a prototype underground tank installed at Dollis 
Hill. The salient features and dimensions of the three tanks 
tested are shown in Figs. 2, 3 and 4 respectively 


The small circles indicate positions of resistance thermometers Ihe number gives the 
temperature in “C at each point, with 1810 W heating in the tank, when a stable 
condition had been reached after 50 days 
Tuermat Tests on UnpexGrounp Tank at BaLpock 
Raptio STatTion 


Fic. 2 








Fic, 3.--ARRANGEMENT OF O11 Daum ror 


Hear Dissipation Tests 
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I T2 and TS are resistance thermometers; 1), T2 are | ft 

from the centre of the top and bottom of the tank respectively 

H, amd H, are SOOW heaters, independently controlie! 
mounted on a 7 ft 6 in. rack 


UnperRGROUND Prototype TANK at 
Dotus Hr 


ria 4 


The conditions under which the tests were conducted 
were substantially the same in each case. Power was 
dissipated in the tank by suitable electric heaters and tem- 
perature measurements were made inside the tank and at 
points in the surrounding soil, with one measurement at 
such a distance that it gave the ambient soil temperature. 
Ifie air temperature jn the tank and the soil temperature 
were determined by resistance measurements of small 
copper wire coils. These coils occupied a space of about 
1 cu. in. and had a nominal resistance of 1,000 ohms. They 
were calibrated against one standard coil that, in turn, had 
been calibrated against a thermometer in an oil bath over 
the temperature range 0 to 100°C. The coils buried in the 
soil were embedded in wax-filled copper containers for 
protection, and connections were extended from the coils by 
heavy leads of negligible resistance to a measuring bridge 
located in an adjacent building. Measurements were taken 
at suitable intervals until thermal stability was established. 


Results of the Measurements 

The results of the various tests are summarised in 
lable 2, which gives the temperature after thermal stability 
had been attained. For the two tests on the Baldock tank 
it will be noted that the mean temperature rise was propor- 
tional to the power dissipation, as would be expected. 
Measurements of soil temperature in the vicinity also 
revealed that the temperature at a depth of 5 ft. was affected 
by the heat from the tank at distances up to about 12 ft. 
from the side of the tank. Other thermometers buried at a 
depth of 6 in. indicated a soil temperature rise of less than 
1°C immediately above the tank. This supported the belief 
that the effects of change in soil surface temperature, due 
to the heat dissipated from the tank, could be neglected. 

lhe distinguishing feature of the oil drum experiment was 
the comparatively large temperature gradient that existed 
along the vertical axis of the drum, the temperature being 
54°C at the top and falling to 40°C at the bottom. 

For the prototype tank at Dollis Hill, the two tests gave 
a mean temperature rise of 18-5°C with a power dissipation 
of 480W, and 29°C with a power dissipation of 870W. Heavy 
rain fell on several days during the second part of the test, to 
such an extent that the space between the top of the 
entrance hatch and the manhole cover was found to be full 
of water at the end of the test. The upper soil was porous 
and would readily allow water to percolate to a depth of 
several feet, so that the effective thermal resistance between 
the tank and soil surface must have been appreciably lower 
during the second part of the test; this is presumably the 
reason why the temperature rise did not increase in pro 
portion to the power dissipation 


Calculated Temperature Rise of the Three Tanks. 


A comparison was next made between the measured and 
calculated temperature rises of the three tanks, mainly to 
assess the accuracy of the theoretical method which it was 
hoped would be adequate to predict the thermal behaviour 
of buried tanks in general. The results are given in Table 3. 

rhe calculated capacitance of a simple cylinder of the 
same dimensions as the Baldock tank is 365 micro- 
microfarads, to which was added 78 micro-microfarads 
for the equivalent capacitance of the relatively large man- 
hole entrance, making a total of 443 micro-microfarads. This 
addition was determined experimentally by capacitance 
measurements on a model. As already stated, the thermal 
resistance, RX in thermal ohms, is related to the electrostatic 
capacitance, C in micro-microfarads, by R S/11-3 C 

equation (3)) where S is the soil thermal resistivity in 
thermal ohms per cm. cube. The value of S can be estimated 
from a knowledge of the soil and the resistivities of various 
soil types given in Table 1. Excavation to a depth of 6 ft. 





on the site at Baldock showed t th il was a mixture 
f sand and chalk in a moi it 1 mind 
large amount of reinfor oncre which would have 
ity than soil, the 


i at 90 thermal ohms 


ear©ring i 
é 
somewhat lower therm 
equivalent soil resistivity wa 
per cm. cube; the thermal resi 


0-018 thermal ohms. The te 
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{ the tank 1S, therefore, 
rature rise is then given by 


equation (1 
a pure cylinder for 


The oil drum was sufhciently sin 

» capacitance to be obtained directly from the curves of 
Fig. 1. The soil surrounding the drum was an average loam 
containing about 5 per cent. by volume of clay in a fairly 
condition and the estimated soil resistivity that was 

calculate the temperature rise was, therefore, taken 


Iti} 


moist 
used t 
is 100 thermal ohms 


tevent Burved Steel 


—_ Although the 


tions in a tnermal investigation of this type, this agreement 
is considered reasonable, and it would appear that the 
theoretical approac h based on the equivalent electrostatic 
capacitance provides a useful indication of the temperature 
rise likely to be experienced. 


PERMISSIBLE POWER DISSIPATION IN THE Prototype TANK 


rhe theoretical calculation of the temperature rise of an 
underground tank will now be used to determine the per 
missible power loading in the prototype tank. Since in 
practice the depth at which the tank will be buried may 
depend upon local conditions, the solution will be presented 
as a function of depth. The first requirement is to specify 
the naaximum permissible working temperature in the tank 


Maximum Working Temperature tn 
the Tank 
maximum ambient 





temperature that can be tolerated 
within the tank is a function of the 
type of equipment, a close estimate 
of the permissible figure is never- 
theless possible. Measurements on 
typical thermionic equipment showed 
a maximum temperature rise within 
the equipment of 30°C above the sur- 
rounding room temperature. If it is 
assumed that components with tropi- 
cal rating would be used, having a 
permissible working temperature of 
71°C, then a maximum air tempera- 
ture of 41°C could be allowed. 
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Soil Resistivity and Temperature 
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The worst values of soil resistivity 
and soil temperature likely to be en- 
countered in practice must also be 
decided upon before the permissible 
power loading of the tank can be de 
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Per cent termined. The thermal resistivity of 
Measured Increase of l lel " j | . a 4 f 
Meat Cakulatet  SOils varies widely with the type o 
Temperature Over Measured soi] and with the water content, as 
Rise l eroperature 
Rise shown by the typical values listed in 
Table 1. It is regarded as unlikely, 
however, that a figure of 100 thermal 
ohms per cm. cube for the medium 
surrounding a buried tank would be 
exceeded for any prolonged period 
in this country, bearing in mind the 
normal rainfall and the fact that an 
appreciable part of the medium would 


Per Cent 





a simple 
small entrance hatch 


The prototype tank was also assumed to be 


cylinder and the effect of the relatively 
was ignored. The surrounding soil structure was examined 
while excavations were being made for the installation of 
the tank and the first 4 ft. was a made-up soil of sandy 
loam merging during the next 3 ft. into gravel that changed 
quickly to solid clay for the remaining 5 ft The estimated 
thermal resistivity of this soil, including the concrete 
surrounding the tank, is 100 thermal ohms per cm. cube 
under the fairly dry conditions of the first part of the test, 
and 80 thermal ohms per cm. cube after the heavy rain in 
the Set ond part ot the test 

The comparison made in Table 3 between the measured 
and calculated temperature rise figures shows that the 
calculated temperature rise was consistently higher than the 
measured figure by from 12 to 30 per cent. In view of the 

t 


unavoidably large number of approximations and assump 


be concrete, possibly reinforced with 
steel 

Regarding the maximum soil temperature that should be 
assumed, one authority® quotes measurements for the 
London area for the year 1939 that gave the maximum 
temperature at a depth of 4 ft. as 16°C in September; at the 
same time the temperature at a depth of | ft. was also 16°C 
Additional information is furnished by measurements of the 
resistance of L.F. pairs in the Manchester-Newcastle coaxial 
cable over the period 1940-1944, which gave a maximum 
temperature of 17°C at a depth of 2-3 ft. It is considered 
that a safe working figure for the maximum soil temperature 
is therefore 18°C, and it would appear that it is sub- 
stantially independent of depth over the first few feet at 
the period when the maximum exists. The permissible 
temperature rise in the tank over the soil temperature is 
therefore (41 — 18)°C, or 23°C 

* ‘The Thermal Insulation of Structures” (p. 47) 
Charles Griffin & Co., Ltd 1941 


G. Gale Pitts, 
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Calculated Power Dissipation in the Prototype 
Various Depth 
[he electrostath capacitance of the prototype 
Fig. 4 has been evaluated from the data of Fig. If for 
depths from 2 to 8 ft. between the top of the tank ar 
power dissipation that produces a temperature 


23°C in the tank has been calculated for ea 
issuming a soul resistivity of 100 thermal ohn 
and the 
plotted 
of depth 
will be noted 
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in fact exist 


Equipment Loading in the Prototype Tanh 
Having determined the permissible power 
« tank, it is also necessary to consi 
quipment that will dissipate this power in relation to 
ze of the tank Ihe most efhoent rack layout in a 
circular chamber is probably achieved when the equipment 
is mounted on single-sided racks arranged around the wall 
In the proposed 6-ft. diameter tank the number of 
ided racks that can be arranged in this way is 81 
ibout 4 ft. of wall space clear for the entrances 
uch items as telephone, power supply and notu 
ft. 6 in. singl 


The power consumption of a 7 


e-sic 
{ transmission equipment averages about Low 


it of view of space ilone, the tank could, th 
wccommodate equipment dissipating 900W, wher 
in Fig. § that at a depth of only 2 ft 
limited by the temperature rise to 468W 
equipment in this tank would, theret 
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New-type Routiners for Automatic 
Telephone Exchange Equipment L. GREENt 
Part 2.—General Description of the Control Circuit 


U.D.C. 621.395.365 


This article describes the control circuit designed for use on all new-type routiners. It is shown that with this circuit as the standard 
basis the requirements for individual routiners for various types of telephone exchange equipments can be catered for by the addition of 
testing elements fitted on a unit basis. 


SIMPLE conception of the arrangements standard routiner to allotted U-points of the main equipment. By 
ised for the new-type 1 ve the block accommodating the access selectors on the same rack as the 
schematic diagram It seen that tl main equipment considerable cabling economy is effected, 
Routine Control provides throug I t for tl ( ind this method is adopted whenever a suitable rack layout 


can be achieved without reduction of the total rack capacity 
ak ESS SELSETOR | 


(Pur mam EOPT RACK 


or this reason uniselectors were chosen for use as access 
selectors 

The access selec tor circuit serves equipme nt on a rack 
basis; thus, the total number of uniselectors per access 
circuit is dependent upon 

a) the number of test leads per item, and 

6) the number of items per rack 

Because more than one uniselettor is necessary to cover 
a), a ‘group’ of uniselectors is used in which the magnets 
are stepped in unison 

The total rack capacity determines whether one or more 
groups is necessary, be« ause a single group of 25 point 
uniselectors will only serve 20 equipments. Further groups 
are added as required and the adoption of 25-point or 50 
point untse lectors is determined from the economics of the 
individual case 





leads between the access selector equipment, sel | by tl Routine ConTROL Circuit 


access distributor, and the test relay Chis circuit exercises control of the progress and sequence 
test distributor. These arrangen of testing in all its stages, and the general layout is shown in 
equipments and test relay sets to be varied raing t block schematic form in Fig. 2 
individual testing requirement mai I 
Routine Control circuit being 
Thus the routiner rack assembly 
and includes the maximum wiri 
positions for the test relay sets 
rack was given in Part I of 
Zecause the Routine 
description of the circuit 
prelude to the circuit and 
routiners 


mh i ee a 
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~ TES’ Se ses 


TO ACCESS SLecwR CRCUTS 
= oman ~teens 


Routiner Access Points 


Hitherto, the access U-px 
been U-points which exist 
nections of jack-in equipmen 
necessarily the best testing 
was imposed on the design 
ments have now been made a. 
developments are examine 
the essential testing 1 uit 1e1 nd ‘ l le IG Block ScHEMATK INAGRAM oF Routine ({ 
testing points In this w 
closely related to testing needs, and additional | Or It will be observed that the test leads are direct conne« 
tapping into the circuit are no ed thi nt tions between the access equipments and the test relay sets 
facturing requirements of thi a maximum of 39 such leads is provided. Certain leads 

' which provide for switching and holding test lines or 
iccess Selector Equipment control of RT (routine test) relays, are extended via appro 

From the testing aspect tors serve ¢ priate controlling relay sets 
distributors for extending the t eads fro th Connection to the test leads is controlled, on one hand, by 

> Semmens ties Saha De a oa 2 the access distributor, which selects one of 49 racks and on 
a Recep apr fh the other hand, by the test distributor which controls the 


*PO.E.E] , ' 7 connection of up to 45 test relay sets in sequence 
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may be started 
peration or from an automatx 


Routining either by manual (key) 
clock) start signal; in the 
latter case the control circuit is prepared for the automatic 


locketing of faults 


tutomatic | esting Sequence 
The ‘clock’ start signal initiates start conditions for the 
following sequence of operations 
1) Docketing. A docket is printed with date, time and 
serial number, followed by the routiner designation, main 
equipment rack position number and the start characters 
STRI 
(2) Ac Check is made that access 
wlector normal, i.e.,in the home position 
This i each test lead is common to the 
vipers of access selectors on all racks; the home position 
outlet being unwired isolates that rack equipment from the 
test leads 
3) Access distributor stepping 
non-homing, ts 


ess selector normal test 
on all racks are 


necessary because 


If the distributor, which is 
tanding on an unequipped rack position, it 
is stepped to the next equipped position 
4) Access selector stepping. The access selectors of the 
rack selected under (3) above, are moved off-normal to the 
first equipped position on the rack, counting from shelf 
position Al 
5) Access selector normal guard. A guarding circuit is 
ipphed to ensure that all access selectors, other than those 
1 use by the routiner, remain in the normal position through 
out testing 
(6) Common test lest is made that each 
is working correctly and within 


equipment check. 
relay set 
tolerance limits 

(7) Test distributor stepping. Each test relay set is con 
nected to the test leads in sequence, the start test condition 
of each relay set being dependent upon the clear-down of 
the previous test relay set. (At this stage the tests are 
ipphed to the main equipment from the test relay sets.) 

§) Alarm delav. Kither 30-60 sec. or 3-6 min. delay 
period may be introduced under fault conditions according 
to the test being made 

0) /ault indications. Faults are classified under two head 
fault’ and ‘‘routiner fault The former is 

of four faults in each of 45 test relay set 
The routiner faults are printed under one of seven 
ib-classitications 

10) Fault docketing. Completion of the alarm delay period 
conditions for the printing of a docket, giving, for 
routine faults, the date, time, serial number, routiner desig 
rack number, shelf, shelf position, test relay set 
number and fault number; for routiner faults, the date, 
time, serial number, followed by the abbreviation “RTR” 
and one of seven abbreviated fault conditions are printed, 


mmon test 


routine 
indicated as one 
po thon 


apple 


nation 


Che circuit elements for the routiner control sequences 
just described are given in the following sections. The ele 
extracts from the routiner control circuit and 
1 guide to the circuit operation and demonstrate 
the step-by-step method whereby localisation of routiner 
failures may be indicated. Notes on the operation of each 

ind an explanation of the circuit principles are 
but these do not necessarily explain in detail the 
functions of all relays and contacts. 


ments are 


serve as 


element 


piven 


{wtomatic Start and Docket Printing Start (Fig. 3) 
Automatic start is initiated by the operation of relay AS 
from the clock start lead. Kelay ST ‘then prepares the 
various elements for use (hence, contacts of relay ST will 

appear in Figs. relating to other circuit elements) 
Relay DM is operated and lo« ked, and extends a doc ket 
marking earth to indicate printing of the start characters 
STRT,;" DM also operates relay PT which applies the 
starting earth for docketing. With completion of the print- 


Pal) 


stan! stor 
ee COC CONT are 


Fic. 3 Aut r PRINTING START 
ing operation by the docketing machine, earth is returned 
to operate relay PN which is then locked. PN releases relay 
PT which removes the docketing start condition and 
operates relay PS to provide a signal for the commencement 
of the next sequence. Failure to print « docket for any 
reason will prevent the operation of PS and a “docket 
fault’’ lamp indication is given 

Relays AS, ST, DM, PN and PS remain held until the end 
of the testing period, when the clock stop signal applies earth 
to short-circuit the holding coil of relay AS. Relays ST and 
DM release; the latter prepares the “STOP” marking to the 
docketing machine and re-operates relay PT to start print- 
ing. At the end of the printing operation the “printing 
finished” earth signal now short-circuits relay PN, allowing 
release of relays PT and PS, and restoring the circuit to its 
normal condition 
Access Selector Normal Test 


Fig 4 
rhe operation of relay PS from the previous automatic 


FIRST RACK 


‘SECOND fh TERME DXAT 
RACKS 


ek Norma Test 

start sequence, extends battery to the AN selay of the access 
selectors on the first rack of equipment. With the access 
selectors normal, relay AN operates via the home contacts 
and wipers of each uniselector on the first rack, and extends 
a battery signal to the AN relay of the second rack, and so 
on, the last AN relay signal being returned to operate relay 
ASN. The operation of relay ASN is registered by operating 
relay SNO, which disconnects the PS battery, thereby 
releasing all access selector AN relays. The resulting release 
of relay ASN is registered by the operation of relay SNR in 
series with SNO; SNR starts the next sequence. 





This preliminary release of relay 
operating conditions were not due to a fault; for « xample, a 
battery contact, or AN contact short-circuited, would hold 
the whole or part of the chain and give permanent 
“operate” signal conditions, this being indicated on the 
relay SNR” alarm lamp. Failure to operate relay ASN, 
due to any disconnection in the chain circuit, results in 
‘access selector off-normal”’ fault lamp indication 


{SN proves that the 


Access Distributor Stepping (Fig. § 


Ihe use of non-homing uniselectors facilitates the appli- 


cation of automatic start/stop, a being re- 
commenced from the point of its previous termination. 
Because two uniselectors are necessary to give the required 
number of arcs, the circuit includes arrangements for 
maintaining their synchronisation, together with the facility 
for stepping over outlets which may not be equipped 
initially. 

rhe operation of relay SNR in the previous element 
completes a driving circuit for the ADB magnet dependent 
upon relay CDA which operates with synchronisation of the 
two uniselector positions rhe SNR earth is then extended to 
the unequipped or equipped terminals, an unequipped strap- 
ping causing a step to be made on ADA magnet and re-syn- 
chronisation follows, this continuing until an equipped 
position is reached when relay EQ is operated. Seizure signal 
is applied by EQ to the equipment AS 
relay. The circuit remains in this condition until all items on 
the rack have been tested, when a (rack completed) signal 
applied to relay AFR allows release of EO and provides a step 
to the ADA magnet; re-sy nchronisation on an equipped rack 
follows 

When all racks have been tested, the operation of relay 
RCF, on the last outlet of are ADA, prepares for re- 
commencing the control sequences and provides for the 
docket marking ‘‘routine finished \ failure in the opera- 
tion of the circuit is indicated by the continuous glowing of 
one of the classified fault lamps 

Manual positioning of the distributor preparatory to 
testing is effected by key KDS. With relay DS operated, a 
continuous stepping circuit for the distributors is completed. 
rhe distributor position is given by lamp display on the 
control panel and enables any rack to be selected for testing. 
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selected rack iccess 


Access Selector Stepping Fig. 6 

With the access distributor positioned on the rack to be 
tested, the operation of EO Fig. 5) releases relay TFA, 
which was pre-operated, by the start condition. This 
releases the cyclic relays AD, AR and AC, giving a pulse to 
relay SA to step the access selectors; interaction on the 
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Fic 6 ACCESS SELECT 

cyclic relays is maintained by earth from the UN (un 
equipped) terminal until an equipped position is reached, 
when the earth operates relay EQA which then applies a 
battery signal to start the next sequence (see Fig. 7) 

The circuit remains in this condition until the cycle of 
tests has been made when the test distributor (Fig. 9) 
extends earth to re-operate relay TFA. Re-operation of the 
cyclic relays follows and relay EQA is released. The release 
of EQA releases the next sequence (Fig. 7) in readiness for 
the next test cycle, and the test distributor homing releases 
relay TFA which then frees the cyclic relays to step the 
access selectors. 

Manual positioning of the access selectors preparatory to 
testing is effected by key KAS. With relay ST normal, relay 
SAA completes a circuit for the interaction on the cyclic 
relays. The access selector positien is displayed on the 
control panel in terms of shelf and shelf position, enabling 
any item to be selected for test 


Access Selector Normal Guard (Fig. 7) 

The operation of relay EQA when an item has been 
selected for test, provides battery to re-operate the access 
selector AN relay chain, described under Fig. 4. Since, 
however, the rack in use has its selectors off-normal, an 
alternative path is now provided by the bank wiring on the 
distributor arcs. It will be observed that the wiring between 
these arcs is “‘slipped’’ so that the position on which the 
distributor stands is bridged by the control circuit. This 
completes a circuit for the AN relay chain and relay ASN 
is operated and extends a start signal to the circuit of the 
stage following, but, should any other access uniselector be 
moved off-normal testing is stopped by the release of ASN 
and alarm indication is given. 


Common Test Equipment Check (Fig. 8). 
With the operation of relay ASN in the previous 
element, start conditions are applied to this circuit to 
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initiate checking the Common Test Relay Sets; the operation 
of relay CS stepping the uniselector to the first outlet. Each 

mmon test relay set has a check start relay which applies 
suitable testing conditions within the relay set, these being 
in the form of upper and lower tolerance limits. With 
uccessful test to one limit, earth is returned via arc CU3 
this prepares the magnet ste pping circuit by the operation 
of relays PD and PE, the latter returning earth on wiper 
CU4 to change-over the test to the other limit 
test of the second limit removes the earth from arc CU3 and 
the resulting release of relays PD and PE steps the um 


Successful 


oo 


selectors to the next common test relay set; self-drive over 
unequipped positions is made via are CU5. 

When all common test relay sets have been tested, relay 
CT operates from the last contact of arc CU2 and the relay 
is then locked until the end of the routine cycle. Failure to 
complete a test prevents stepping of the check uniselector 
ind a ‘common test fault’’ is indicated 

[he operation of relay CT extends the start signal to the 
next stage, which may be the seizure of ‘‘test lines’’ (for 
group selector tests, etc.) and/or to verify that the ‘‘call 
trap” is not held before a further routine test (RT) relay is 
operated on incoming circuits 


Test Distributor Stepping (Fig. 9 


The ASN relay battery signal of Fig. 7 is extended from 
the previous circuit (Fig. 8) to operate relay STA, which 
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ipplies earth to operate relay TL of the first test relay set 
via arc TA3. STA also operates relay SX when arcs 
TA4 and TB3 are on the same outlet, and battery is then 
extended via arc TB2 to operate the test start relay (TS) 

At this stage, test conditions are applied direct from the 
test relay set via the test leads and access selectors, to the 
equipment under test, and during the test, earth is returned 
on lead TC operating relay S and preparing a stepping circuit 
for the TA magnet. Completion of the test is indicated by 
removal of the earth from lead TC, and the release of relay S 
allows the TA magnet to step; this operates relay TL ofethe 
next test relay set, via arc TA3, in readiness for the second 
test 

Che step on the TA magnet releases the synchronising 
relay SX which removes the start signal from the first test 
relay set and also introduces relay AM in the common earth 
lead (AL). AM relay operates via battery-connected relays 
of the test relay set, until the relay set has completely 
cleared down, when the resulting release of relay AM com- 
pletes a stepping circuit for the TB magnet. Re-operation 





1 SX follows and a star 
[B2 to the second test 
This method of contr 
provides the facility for 
equipment under test betwee 
that 1 subsequent test 
ive beet 
icliti 
e ‘self test 
eterred to late 
The failure to syn 


" 
et to reiease, gives ; 


pl 
When the distributor 


t applies earth 
IFA); this res 
illows the distribut 


arm Delay 


‘ the setting 
tion of test condi 
is required to 
for successful completior 
provided by a circuit wit! 
’ j 


‘ } } ’ ? 
wo delay penods e s I SO-HO) se 


t 
majority of test conditior \ , t 6 min 


those instances where t! 


ry example, waitin 


llows that the 


iCcCcess 


point 
accordingly 
wholly concert 
‘ ippli ition oO 
lassified under the get 
ib-classifications bei 
i nown int 
The design of indiy 
for the selectio; 
failure on the main « 
elay in the lamp lead 
outine fault 
ited as any 
ms, a total 
oved fault indi 


unten 


faults the use of individual lamps and labels has been 
ibandoned in favour of an improved label panel. Lamps 
provide the marking for test relay set numbers | to 45 
horizontally, and faults | to 4 vertically, these forming “’x 
und y”’ co-ordinates locating one particular label 

For the indication of “routiner faults” the use of 
individual lamps and labels has been retained 


Vain and Auxiliary Control Panels (Fig. 10 


Ihe circuits for manually controlling the routiner have 


10 MAIN 


been designed to operate with auxiliary panels, the essential 
arrangement being that controlling keys operate relays to 
give the necessary circuit control. This readily permits the 
teeing in of other panels as required and interference 
between pane Is has been avoided by a guarding circuit which 
gives exclusive control to the panel by the operation of its 
start” key 
\ simplified circuit is shown in Fig. 10. It will be seen 
that each panel has a connecting relay for associating its 
keys with the appropriate controlling points, The operation 
of a start key at any panel operates its EC relay provided 
that no other EC relay is operated. The operation of an E¢ 
relay applies an earth to shunt the operating path of the 
other relays and operates a relay in the control circuit to 
permit manual operation to be made independently of auto 
matic start/stop and docketing conditions 
Che fault lamps and control keys are repeated at each 
panel, and lamp indication ts given of the panel taking 
control \ ‘speaker circuit provide means for co 
peration between users at different panels 


FAULT TRANSLATION AND DOCKETING CONTRO! 

The routiner circuits have been designed for fully auto 
matic operation this has necessitated the addition of ‘‘clock 
tart and stop signals, and docket recording of faults 

The developments of the routiner and a docketing 
machine (to be described in a later article) have progressed 
oncurrently. For the purposes of this description, it will be 
sufficient to say that the machine provides for the printing 
of any of 45 characters, these covering the letters of the 
ilphabet, numerals | to 10, and a number of miscellaneous 
haracters The control circuit limits the number of 
characters printed to 23 per docket. Printing is started by 
the operation of astart relay. The marked character, ie. one 
f 45, is found by hunting action and the type-head is 
urried to the printing position; the operation of a magnet 
then imprints the docket. The printing magnet springs 
provide a signal for the next character to be marked and so 
on With the comple tion of 23 characters, a ‘‘docketing 
completed” signal is given 

The machine is controlled from a fault translation circuit 
which includes a routiner hunter enabling one machi 
serve up to 16 routiners. The general principle of the 
operation is shown in Fig. 11, in which the printer characters 
have been depicted in the form as printed on the docket and 
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FAULT TRANSLATION AND DockeTING CONTRO! 


in the order of printing. The sequence of circuit operation is 
started by the operation of a routiner alarm relay which 
marks the routiner hunter bank (RH1) and applies starting 
earth to relay ST. The routiner hunter (RH), arriving at 
the calling position, is stopped by the operation of relay 
RHA, which transfers driving conditions to a classification 
marking switch (CM). This switch hunts for one of three 
main classifications (two of which include sub-classifications) 
marked by the routiner concerned. When this marking is 
found the operation of relay CH disconnects the drive and 
prepares the docketing machine by the operation of relay 
P'S. At this stage relay K is operated, its operating path 
being dependent upon the selected classification which 
requires that certain characters be derived via a marking 
switch in the routiner, The operation of relay K extends 
earth via arc CM2 to the docketing machine, where the 
marked character is printed on a docket; successful comple 
tion of this action provides a stepping circuit for the MD 
magnet by the operation and release of relay SA, thereby 
marking the next character 


shia! wm 
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The CM switch determines which of three 
marking arcs on MD are used. The first arc 
marks information appropriate to “routine 
faults’; the second arc marking ‘‘routiner 
faults’ under one of seven sub-classifications; 


phe, and the third arc marking the start, stop or 
re! test indications. In all cases the first infor- 


mation printed is: the day, time and docket 
serial number, derived via other uniselectors 
which are separately controlled; day and time 
being controlled from clock signals, and the 
serial number switch being stepped progress- 
ively each time the control circuit is used. 

In the last position of the MD switch, and 
irrespective of the MD arc used for marking, 
a “printing finished’’ signal is extended to the 
routiner when the docket has been fed from 
the machine. This signal following a ‘routine 
fault,”’ steps the access selectors to the next 
main equipment and clears down the test 
cycle; when, however, the classification is 
“routine fault’’ the routiner is locked to the 
fault alarm because there is no purpose in 
continuing the routine until the fault is 
cleared. The docketing machine and the 
control circuit are freed for use by other 
routers 


TESTING CIRCUITS 

Part 1 of this article referred to the fact 

that tests applied to equipment should be 

“positive.”’ In addition, it is required that the 

testing circuit should be ‘‘self-testing,”’ that 

is, a fault condition arising in the testing circuit should 

not go undetected, because of the probability that such a 

condition would neutralise the positive testing feature. 

These basic requirements have influenced test relay set 

circuit design so that, although the circuits differ in the 

details of their tests, they have a similarity in their circuit 

principles. Some of the tests require the use of devices 

which could not be accommodated within a test relay set 

even if it were economical. For example, timing tests would 

require the timing device on each test relay set concerned 

with such measurements; to avoid this, a common timing 

device has been provided and made available to test relay 

sets as required. Circuits in this category have been made 

available to any test relay set and are referred to as 
“common test relay sets.” 

In the next part to this article, outline principles of test 
relay set circuits will be given and also the principles 
adopted for the common test circuits, the latter being 
arranged so that any particular type of test uses a standard 
circuit with application to any routinet 


To be continued) 


Book Review 


A Cunle to Plastics ( A. Redfarn, Bos 
Ihitte 112 pp. 32 all. 7s. 6d 
Dr. Kedfarn opens with a statement that this is not a text 


Ph.D, FRI 


book, but rather a condensed guide for the reader who wants 
some general information on what plastics are and what they 
can be used for. Thists a modest description ; a large range of 
plastic materials ts described in sufficient detail to give anyone 
who ts interested a fair idea of their performance and possible 
applications. A later section gives a sufficient description of 
current methods of fabrication 

The author has chosen his way deliberately, but the 
treatment is not always consistent; for example, on page 37 

rhe acetic acid for the production of vinyl acetate is obtained 


4 


by the oxidation of ethy! alcohol obtained by the fermentation 
of molasses or starch but on page 30 acetic acid for the 
production of cellulose acetate is just mentioned by name 
Other similar examples occur and it might have been better to 
group the raw materials together and briefly describe how they 
are made—or to leave this out altogether 

The reader should be careful about temperatures; sometimes 
they are Celsius (Centigrade) and sometimes Fahrenheit; after 
reading that P.T.F.E. shows decomposition at 200°C (page 43), 
it was startling to read that nylon mouldings can be used under 
load at 275°F (page 46 The reviewer's mental adjustment to 
the change of scale was not immediate 

An excellent and readable guide for those who need an 
acquaintance with the field of plastics, but not complete 
enough for the professional C. a i 





A Millisecond Timing Unit 


U.D.C. 531.76: 621:389 


The author describes an clectronic timing unit designed to count intervals up to 10 seconds in half millisecond units 
The recording meters step to zero and continue 


0-5 millisecond in a full count of 10 seconds. 


J. E. HAWORTH, am.ieet 


units with an accuracy of 
counting at the expiry of 10 seconds so that 


any time interval may be measured if the number of 10-second periods is separately recorded by the operator. 


Introduction 
N voice-operated switching equipments, such as are 
at the Radio Telephony Terminal, it is important that the 
“operate” and “‘hang-over’’ times should be accurately 

measured, and the timing unit here described was developed 

to make such measurements as may be necessary during the 
installation and for the maintenance of the equipment. The 

instrument operates by counting the number of cycles of a 

timing wave that occur in the interval to be measured and 

is a particular application of the electronic switching tech 
nique described in recent issues of the Journal.'.? 


used 


Circuit Descript 
General. 

The unit has been designed to measure the time 
between two particular events where each event may be 
(a) arrival of a tone, usually 1,000 c/s 

b) cessation of a tone, 
(c) application of an earth 
ad) removal of an earth, 
e) change of potential from 0 to —50\ 
earth potential, or 
change of potential from —50 to O\ 
earth potential 
For (e) and (f) the 
its positive terminal earthed. 
the duration of a tone from its application to removal or, if 
a continuous tone is applied, to measure the duration of a 
break of the tone from its cessation to restarting. The 
operation can probably best be followed by reference to 
Fig. 1. If we consider that the | tones 
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BLock SCHEMATIC 
then the two signals will be connected to the start and stop 
L.F. amplifiers. On the arrival of the start signal it is first 
amplified and then rectified and applied to a D.C. amplifier 
which operates the start-pulse generator, thereby producing 
a sharp negative pulse. This negative pulse operates the 
gate-control trigger circuit which opens the gate circuit, 
thereby allowing the output from the 2,000 c/s oscillator to 
be connected to the counter circuit. On the arrival of the 
stop signal the stop-pulse generator produces a similar 
negative pulse which now closes the gate and the 2,000 c/s 
oscillator is cut off from the counter circuit. During the 
time that the 2,000 c/s oscillator is connected to the counter 
each cycle of oscillation operates the counter and the total 
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count is recorded on the meters. Since each cycle represents 
an interval of half a millisecond the meters count in units of 
half a millisecond, and a total count of 10 sec. can be 
recorded. After the full count all the meters return to zero 
and carry on counting so that there is no limit to the tim« 
interval that can be measured if the number of full counts is 
recorded separately. The accuracy of the count is absolute 
and any timing inaccuracy is due to the time delay in the 
amplifiers and the frequency inaccuracy of the 2,000 c/s 
oscillator. These errors, however, are small compared with 
0-5 mS so that the accuracy of timing can be guaranteed to 
0-5 mS in a full count of 10 sec. 

A reset key, manual start and stop keys and a slow-count 
facility for monitoring purposes are included. 

The CV 1988 double-triode valve is used throughout 
except for the power rectifiers and diodes. This one type has 
‘been adopted to, simplify nfaintenance; the small improve 
ments that might have been obtained by using other types 
of valve for the amplifier and oscillator did not warrant their 
use. Where these valves are used in trigger or counter 
circuits in the diagrams illustrated, the half which passes 
current when the unit is in the RESET condition is shown by 
an arrow, thus 4. This has been done so that the operation 
of the circuits can be more easily followed. 


Input Amplifiers and Pulse Generators. 
he circuit diagram of the amplifiers is shown in Fig. 2 and 
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t will be observed that the start and stop circuits are similar 
The first valve} an! I 
using low-level 1,000 c/s tones. The full-wave 
mverts the signal to a positive D. 
umplitied by a DA 


i» hha fe 
rectifier « voltage whicl 
amplifier stage and operates a trigger 
uit. The leading edge of the square wave produced by 
rigger circuit is differentiated and so forms the start 
required to operate the gate-control trigger circuit 
the only object of the L.F | 
il of sufheient amplitude, after rectification, to cause ar 
ippre ible change of voltage at the anode of the D‘ 
umpliier, and since the absolute value of L,I 
required is not critical 


amplifier is to produce a 


amplifi ation 
1 variable gain control would be ar 
innecessary complication; for this reason one has not been 
\ variable cathode-bias resistor has been fitted 
! ver, to idjust the D.C. current of the Dt amplifver 
valve to 1-5 mA. This is a preset control which is adjustable 

um the rear, and as the setting 1s not critical it only re 

justment when the valve has aged 


jure 
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ippreciably 
hanged 
Ihe gain of the firgt stage of the L.F. ampli 
1,0) c/s is 40 db., and @ 1,000 c/s tone will produce a 
pulse at the output provided the amplitude is not less than 
34 db. relative to 1 mW into 600 ohms. Largs input level 
of the order of 1 mW into 600 ohms will only produce over 
vacing of the first valve and a more rapid rise of the D. 
wnal produced by the full-wave rectifier, and will not affect 
the overall accuracy of the measurement 
10 db 


himay occur 


, 
rhifne 


On signals exceed 
relative to | mW into 600 ohms break 
producing a false signal. A large signal 
ourse, means a large D.C. output from the full 
rectifiers, so that on the removal of the tofle the time 
w this to decay to the change-over point of the 
reuit might be than 1s tolerable; a limit 
therefore connected across the output \ 
is obtained by connecting the rectifer t 
ot the first valve bor 
essential to keep the time-delay throug! 
from the occurrence of the signal to the initiaty 
down to a value small in comparison with 
t interval of time that can be measured,in thi 
millisecond: and so, by attention to tume 
uit, the total time-delay through the cir 
d to less than 0-05 mS, this delay being in 
input level 
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onstant 


bank switch is associated with each circuit so that 


inal whether it be a tone or a change of D. 
etc., can be connected to the appropriate part « 

cuit in order to produce ultimately i Start st 

The tw witches are independent so that the 

need not be of the ime 

po ition ire 
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lone bre 

Apply earth 

Apply negative battery 

Remove arth 
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input terminals 

ough to the gate-control circuit so that 
mav also be obtained by 

ibout 1O\ 


position (5) or (6) the 


ipplying 
um plitucte 


reuit of the gate control is shown im ft 
s as follows 
s received the first 


luced 


negative start pulse 


perated 


{ and a negative pulse is pro 


. amplifier so that measurements can 


external signal 


better than 1 part in 20,000 


shown in Fig 
itself provides the 
phase shift necessary to 
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inode of the se ilf of the valve, which in turn operates 
the second trigger circuit. The second half of this trigger 
ircuit is now cut off and the anode potential rises. The grid 
cathode potential of the gate valve, which was previously 
much greater than the cut-off bias required for the valve, is 
now positive, but limited by the flow of grid current to a 
low value. The 2,000 c/s output from the crystal oscillator 
is suthcient to swe ep over the valve grid-voltage base so that 
the valve, if considered as an amplifier, is well overloaded, 
ind a square-wave output is obtained from the anode circuit 
f the tinal valve 

If now legative stop signal is received the second 
ited, so that the gating valve ts 
ind the 2,000 c/s oscillations are 
blocked. Any further incoming pulses, whether positive or 
negative applied to either start or stop input circuits, will 
have no effect on the triggers, so that the circuit is now In a 
stable condition lo prepare the circuit for a_ further 
operation the trigger circuits must be restored to their 
riginal condition by pressing the RESET key in the counter 


er cult i fain Opel 


e more heavily biased 


ecircult 


\ manual start 


peration ot the 


ind stop key is included, so that the 
uit can be checked without resorting to 
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me 
When making measurements of short time intervals the 
iscrimination required is of the order of half a millisecond, 
d with the form of timing instrument described, which 
ounts each cycle or pulse fed to it from an oscillatory 
ource, the lowest frequency of oscillation that could be used 
2 WWE's 


li 
If it is attempted to make the error less than the 
iscrimination of the instrument, then taking the full count 
is 10 sec. in half millisecond steps the accuracy required is 


After considering what form 
oscillator to use it was decided that a crystal oscillator 
X-cut bar crystal oscillating in a flexure mode at 
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2 (40) c/s would be most suitable The oscillator circuit 1s 


3. No form of tuning is required as the crystal 
frequency-selective element and the 


maintain oscillation 





fo ensure the build-up of 
oscillations, it 1s necessary to 
make the loop phase hitt 2er 
radians (this is provided byt 
valve and crystal) and the lo | 
gain greater than unity If 
the loop gain is very mu 
greater thi unity, there 
danger of overdriving 
crystal and breaking it, wher 
is if the loop gain is or 
sufhcient to maintain oscull 
tions undernormal conditio 
there is a risk of failure if 
power supply is low or 
ilve aves lo overcome 
these defects the oscillat 
been designed to have 
iin toensure oscillation 
uiverse conditions, but 
amplitude of oscillati 
yntrolled by a simple f 
1utomatic gain control 
ol wavetorm 
| the bufter valve 


allowed to pass gridcurrent and 
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passing valve is block« 
controlled by the time 
being much longer thar 
previously blocked rea 


second stable condit 




















negative pulse the circuit reverts to its former condition 
thus giving a count of two. The initiating pulses are supplied 
from the gate circuit which passes one negative pulse pet 


cycle of oscillation, i.e. one negative pulse per half milli 


cond, when in its open condition. The operation of a 
decade counter is as follows 
When the RESET key is pressed the second valve of each 
pair will be in the passing condition, as indicated by the 
urrows in Fig. §. When a negative pulse is received the first 
ounter stage will trigger and take up a stable condition with 
the first valve of that pair passing. A positive pulse is 
ated at the second valve anode, but, as the following 
binary circuit 1s insensitive to positive pulses it remains in 
the condition indicated. The first valve of the first counter 
ircuit is now passing and a count of one unit is indicated on 
the meter, as explained later. On receipt of a second 
negative pulse the first counter reverts to its original con 
dition and in so doing a negative pulse is generated in the 
de circuit of the second valve which causes the second 
inary stage to trigger. The meter now indicates a count of 


niinuing in this manner and assuming that the meter 
will indicate four if only the third stage ts triggered and 
eight if only the fourth stage is triggered, it will be seen that 
with four stages a count of 2* is possible in unit steps. To 
mvert this to a decade count the diode gating circuit is 
introduced. Normally the diode is passing freely but, on the 
eighth pulse being received and the fourth stage triggered 
the valve is blocked by the D.C. potentials. The ninth 
pulse operates the first stage in the normal manner, but the 
tenth pulse which restores the first stage cannot trigger the 
ond stage; it does, however, trigger the fourth stage, and 
| stages are back to the original condition. Various 
of coupling between binary stages have been 
by various workers, but the direct coupling between 

which is used has been found simple and reliable 
rhe circuit can be set to its initial state and prepared for 
next count by pressing the RESET key which simply 
lies a positive potential to the second valve of each 

ry circuit 

tolerances of the components in the counter circuits 
not critical and changes of more than +20 per cent. can 
tolerated without affecting the counting action, whilst 


or 





changes ot over 50 per cent. in the compom nts associated 
with the diode-gating valve can be tolerated without up 
setting the gating action. The valves act only as switching 
units, and valve changes have no effect on the counting 
action, or on the current flowing in the valve when in the 
passing condition. The valve current is, however, dependent 
on the H.T. supply voltage, as explained later, although the 
counter will continue to count with an H.T. supply ranging 
from under L50V to more than 300\ 


Register of Count 


Several methods of registering the count of this type of 
circuit have been devised,*44 the most common being some 
form of neon lamp arrangement. For the present purpose it 
is required that the display should be easily and rapidly 
observed so that a series of measurements will not prov 
tiring to the operator. For this reason it was decided that 
the most suitable form of display would be to register the 
count of each decade on a meter calibrated from 0 to 9, wit! 
the last meter registering the count of the binary plus 
decade unit marked in half unit steps to register half milli 
seconds 

The method of metering of each decade, developed for us« 
with this umit, can be followed from Fig.6, and it will be seen 


l 


6 PRincipLe oF MererRina Cis 


that, in effect, the meter measures the potential across the 
ithode resistors It can be shown that to obtain a 
swccurate register and to ensure that the meter reading in 
creases in unit steps, say #, according to the combination ot 
valve each of which passes a current /, the following 
conditions must hold 
R, 
R, 
RK, 


and so for finite values of Ry 
I 


S 


! 


The valve current J is of the order of 3 mA and the mete: 
current increases by L00QuA per count 

If the meter reading is to be easily read the needle should 
not be more than one-third of a division away from the 
registered number, so that a reading accuracy of bett 
than 4 per cent. is required on the full-scale deflection. Som: 
legree of compensation can be made by adjusting Ay of 
Fig. 6, and, although this scheme cannot be used to make 
ill readings correct, it proves useful; Ay has been made a 
preset screwdriver control easily adjustable from the fr 
of the instrument. Arrangements have been made to set th 


* (srosdoftt An klectronic Counter R.C.A.] vw, Sept. 194 
p 438 

* West An 
hlectronmue Eng 

* Raker 
Electromec bang 


Electronix Decimal Counter Chronor 
January 1947, p. 3, February 1047, p. 58 
A Direct Reading Indicator for Electronic ¢ 


April 1948, p. 112 


2s 


ount to 9999 when desired and each meter can be adjusted 
to read correctly for this condition. All other readings can 
then be read with accuracy. This preset adjustment com- 
pensates for H.T. voltage changes 

The accuracy of the readings is also dependent on the 
stability of the valve current /. If we consider the valve 
current when in the stable condition with reference to 
Fig. 4, then, provided R, << < R, + Ry, the valve current / 
is almost inversely proportional to R, and directly propor- 
tional to the supply voltage, and is in fact almost independent 
of the valves. R, has therefore been made a Grade 1 high- 
tability resistor and, as mentioned above, supply-voltage 
hanges can be compensated by the meter series resistor R,. 


V onitoring 

A useful feature of this timing unit 
is the ability to observe the operation 
of each part of the circuit so that 
maintenance and fault-finding are simpli 
fied Ihe meter associated with the 
fourth decade can be switched to 


measure the H.T, supply or the current ¢ 
flowing in the valves, the circuit being C2 VOLTS 
shown in Fig. 7 : first! 


rhe counter unit is more or less self- TO ANODE CCT 
monitoring, but toenable the incremental MOSTORNG RESISTORS 


steps of the meters to be observed more Fic. 7.-Connections 
easily, arrangements have been made to OF 
substitute the 2,000 c/s timing wave by Mostrorinec Switcn, 
the 50 c's mains supply 


Power Supply 


rhe power supply circuit is shown in Fig. 8. A 200/250V 


lapv 
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1) c's supply of about 150W is required and the power unit 
is designed to supply 250V, 80 mA for H.T. supply and 
6-3V, 16 amps. for heater supply The cathodes of the 
valves in the gate and control circuits and the counter 
ircuits, shown in Figs. 3 and §, are connected to earth 
through a 2,000-ohm resistor to provide a bias voltage of 
100V. Two heater supplies are provided since the maximum 
ecommended cathode/filament potential of a CV 1988 
valve is 9OV, The 6-3V supply to the heaters of the gate, 
ite-control and counter circuits is maintained at the 10OV 
cathode supply potential, the remaining valves being directly 
connected to earth 

Che 50 c/s supply required for the slow-count condition is 
taken from the transformer secondary via a luF capacitor. 


nsiruction 

The appearance of the unit can be seen in Fig. 9. The unit 
5s mounted on a 19-in 12}-in. steel panel under a 10}-in. 
leep dust cover 

[wo pairs of input sockets are provided, being connected 
in parallel on both start and stop circuits, so that if a 
terminated measurement has to be made the terminating 
easily be plugged into the second pair of 


resistor can 








temperature changes. The D.C. amplifier cathode control 
is mounted on this sub-panel and is a screwdriver control. 
All valves can easily be removed after first removing the 
dust cover. The power plug is inserted through the dust 
cover so that the dust cover cannot be removed without 
first disconnecting the power supplies. 

rhe temperature rise above ambient at the hottest part 
if the unit is about 19°C, but the temperature rise in the 
vicinity of the crystal is only some 5°( 


FuTURE DEVELOPMENTS 
Experience with the first two units constructed shows 
iat although faults have been few and easily corrected, 
some improvements may be made in any future models 
The CV 1988 valve requires 0-6 amp. heater current at 
6-3V and when a large number of valves are used, as in this 
ise, a large saving of power and consequently a smaller 
9—Faont Viaw ot power supply unit and lower temperature rise could be 
obtained if a suitable valve with a smaller heater current 
terminals. The start and stoy put ctor switches are onsumption, such as is now available, was used. 
independent and the start and stop sis ly f The normal frequency of operation of the counter is 
the same kind. The sTart-sTop hi r ke r 2,000 pulses per sec., but it will operate at a much higher 
both non-locking and the sLow-counT key s es tl pulse repetition rate than this and there is reason to think 
timing wave from 2,000c/s to 50c stor monitor selov cl that with more attention to the time-constants the fre 
meter can de seen the screwdri ontrol for adjusting quency of operation could be increased to about 100 kc/s 
full-scale reading of the meter he valves are mounted which is more suitable for standard frequency operation. 
a sub-panel which ts hinged for maintenance purpose , Alternatively, since the later decades operate at less than 
crystal holder, which is a glass envelope some, 100 pulses per sec. the valves could be replaced with cold 
than a normal valve, is sunk below the panel for | ithode gas-filled counters with a consequent saving of 
} 


and mounted at the bottom of the panel prevent larg eater power 


+} 
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ntirely t 


iter on electronic control circuits is limited almost 
0 thyratron devices, and a description of some hard 
“ Electronics in Engineering valve control and pulse circuits, including the Eccles-Jordan 
McGraw-Hill Publishing ‘ i.td ond a) | trigger circuit, such as are used in high-speed electronic com 
224 ill. 30s puting devices and pulse transmission technique is an omission 
This book has been written t ‘ t l need which we hope will be rectified in a later edition 
engineering and science studet wi . lerst ling The description of practical amplifier circuits follows con 
of electronic techniques in ler th I in be ay red entional lines except that the graph al presentation ts used 
the various fields of en ring and t It is tl I flectively in conjunction with the text 
result of the author's rience in develo; " rst f In the chapter on feedback, it is pleasant to find that the 
studi¢s for students in th nivet Vi te ! n mplications of feedback are discussed in relation to mechanical 
excellent book, both as reg ibye t 1 it reat and electro-mechanical control systems, and also that the 
ment which 1s initially ars ti f l pr tudent is made to realise that negative feedback has its 
applications to illustrate the uses of elect I pitfalls It is not a panacea for the ills of all amplifers ; 
engineering fields When r possibl themat properly designed circuits offer great improvements, but 
approach is accompanied by grap! i my improper applications may cause more harm than good 
are worked out using typica reu " The operation of resonant circuits and tuned amplifiers leads 
The sixteen chapters of the book are, as far as | ‘ f to a study of oscillators, including crystal control and RK 
contained so that they can be studied in I Phe scillators with both positive and negative feedback 
short introductory chapter de: wi t ! re The chapter on amplitude modulation is confined to the 
energy levels, ionisation « ondu id mplest form of modulation Balanced-type modulators 
physics of electron emission, includin lar and | ) mig have been mentioned together with an introduction 
electric emission Then follo wo chapte ti frequency modulation 
emitters, diodes and conta rectifier and i t ncor The descriptions of some of the many forms of transducers 
porating rectifiers and smo ng ! t Phe pl : iluable in that they not only introduce the reader to so 
approach is very effective in illustrating t perati f I man { the electrical phenomena known to physics but show 
circuits. The next chapter on gr rolled cuum tul ! they have been applied to produce practical engineering 
deals first with the triode and all i c it ui then wi istruments The description of the vacuum tube voltmeter 
the tetrode and pentode in a way wl gi i easy t ith its wide applications in electronic phy sics and engineering 
follow It should leave the reader with a my e under ppropnately concludes the book 
standing of the operation of such valves h understanding An Index is provided, but a bibliography or reference to 
he can prove to himself by working out t pr ; j more advanced text books that the student may wish to study 
are set for this purpose at the nd of pter would also be a useful addition 
description of the operation of g filled ‘ ree ‘ The author is to be congratulated on producing such a 
including the voltage regulator, thyr: 1 met ré readable and concise book In achieving his purpose, as set 
rectifier, and a chapter on photosen : ide tl out above, he has produced a book which should be of great 
portion of the book dealing wi electre ke t alue to many telecommunication engineers who hitherto have 
remainder of the book—-except for ry good upter on the not had the opportunity to become closely acquainted with 
cathode-ray tube and oscillo p lea wit py i ectronics in engineering 
electron ircuits » oS a 








An Approach to the Standard Equations 
for a Uniform Transmission Line H. 8. Harbottle, ose esc.08H.Mieet 


Part |.—Propagation of Current and Voltage in Chain of Symmetrical Resistance Networks 
U.0.C. 621.3.09 


In this article the author derives the standard equations for a uniform transmission line in a manner which avoids the use of differential 

calculus, The propagation of current and voitage in a chain of similar symmetrical resistance sections is considered in Part 1. Part 2 

will show how the results obtained are applied to the general case of propagation through a chain of impedance sections, simulating the 
uniform transmission line. 


I ntroducts 

r SHE subject of this article formed tl b f f 1,560 ohms connected across the output terminals of the 
recent informative talk to members « bye or rst section i } 
Junior Centre of the Institution of VP i 40 

Klectrical Engineers and the suggestion wa " ; 

the subject matter should be published so tha 


895 ohms 


, t s are short uited, the 
ot familiar with the solution of differential eq rn ‘ I ¢ , Cire " ct 
. ! n be resolv » tl of Fig ( ‘ wl 
be enabled to obtain a better ippreci ! rar rom om 
on line theory. The difficulties encounters y student > » 3 - 400 42-2 ohms 
ho are preparing for the City and Guild | iY 
titute’s examinations in this and alhed ye ive Here also ? > 600 ohms 
ome ie as 4 ‘ “ sink ntrodt on t thre > 1 j 
” reasingly apparent since the in By adding su ‘ ctions the results given in lable 1 
isedd syllabuses in Telecommunications neering, a 
- : would be obtains 
felt that the following comparatively 
prove to be of some assistance. In ord 
th of the article, it has been assumed that the 
i working knowledge of alternating current thes 
can extend the arguments de veloped tron 
of pure resistances to the mort 
networks 





HARACTERISTIC RESISTANCE OF A SYMMET 
N&TWORK OF RESISTANCI 





3, it will be readily 
Consider the network of res 

in Fig. 1. The resistance measur 

the input terminals, when the 

terminals are open-circuited, a 

is obviously 

R, oo 1.440 60 1560 


When the output terminals are short-circuite 
istance measured across the input terminals will be 
120 « 1440 
R, Ho Lo P80)-& «| 
120 + 1440 
It should be noted that the geometric me 
600 ohms 
When two such sections are joined im tand as 1 Ob 


2 3 
2(a), and the output terminals are open-cir No OF SECTIONS 
I 3 


‘ an 60 6 
| observed that both the curves for R,, and R,, are asymptotic 
, 2 4a viad y } 





to a resistance value of 600 ohms, ie. with a large number of 
sections in tandem the resistance measured across the input 
terminals would be 600 ohms irrespective of the resistance 
which is connected across the output terminals. The 


Characteristic Resistance, Ry, of the network is, therefore 
600 ohms and it will have been observed that y R an 


“iad : 
si A ilso 600 ohms 
i y &... R,, or R, is the geometric mean of X,, and 


23088 1 er 
ident should check that the resistance measured 


wa | we e across the input terminals of a single 
60 


section is 600 ohms, if the output terminals 
e closed bv a resistance of 600 ohms.) 


, -_ wae are cl 
os In the general case of a svmmetrical 
Fig. 4), it will be seen 


resistance network 


as far as resistance measured across the input terminals 1 2 “5 that 
i . I t nv : R, 
P | 4 


concerned, the second section can be replaced by at R 
\o 
» 2 
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ce Ro 600 ohms The magnitude of the e.m 
will be the same as the potential difference across 
itput terminals when open 


ted. H Fig. 8 ; vs 
cuited ence ig WY WA 
t 4 ili 
1440 . =e 3000 rom 
2,160 i ned | Pay: 
i particular example RO At 


application of 60 ‘ 
in Ss theorem hic. 8 


tive 


4 


«ener ¢ * 


current in the termination A, will be 


Let the internal resi e of the sou [ t and : 
, 6% anal - amps 
big ne por " ‘ : HMw i Lo 


Generally 


w the original values of R, and R, 
] 240 oOo) 


l 
2 1,440 1440 


ibe ve 

It should be noted that, although I, and /, have difterent 
magnitudes, there is no phase difference between them, 
since the network consists of pure resistances only 

When a second similar section, closed in its characteristic 
resistance Ry (= 600 ohms), is added in tandem to the first 
section, the resistance measured across the input terminals 
will still be Ry 600 ohms and, therefore, the input current 
from the source will be unaffected, 1.« 





I 


imps 
6 1200 I 


as the independent 
through the origin and But, since the output from the first section is equivalen 


It will be observed ! therefore » a source which has an internal resistance 

, + Ve + 2K, R, being regarded as f ea , 600 ohms and an e.m.f. 2¢/3, the output of the seconc 
minimum value when kK r t nditior ! tion can be replaced by a source which has an intern 
maximum 

With such a source | 
resistance-network if l terminated haracter 3°3 
istic resistance Ky as ? ; Hence, the current in the termination (600 ohms 
md section will be 


stance of Ry 600 ohms and an e.m.t 
te 
9 


From the point 
terminals of the netv 


having an internal 








.% W 
; 2 2 4 
Consequently, if there are similar sections in tandem, the 
end one being terminated in its characteristic resistance 
Re 600 olin the current in this termination will be 
J. where 
fe 
A 


imilarly 
Vo 
j 


In big. 10 the values of the current at the ogtput of each 
section have been plotted against the number of the section 
Provided I, e/2R,) and r ( I,/1,) are known, a 








2 3 4 
Wo OF SECTIONS ——> 
bic. 10 


graphical construction can be used to determine /,, /, et 
thu 

Draw a straight line through I, and A (AD «= /,), cutting 
the axis of abscissa in B. The straight line BI, cuts AD in‘ 
then CD I,, ete 

Hence, if we have an infinite number of similar sym 
metrical resistance sections in tandem, or a finite number, n 
terminated in the characteristic resistance, Ay, the current 
leaving the mth section (and entering the (m + I)th 
ection) 1s given by 


” 
uo 0 


Fin / 
4 sal 

imularly - Vor 
Avain, if the current, /,, in the terminating resistance, R, 

{ the finite number of sections, n, is known 

nn 

lo yn" or? /10 
I, Jl, 


the current, /,, 


or I, ly ™ 


! 
mn 


leaving the mth section is 
om 


om ] 5 [10 } 
On 7, 
Similarly, | 


PROPAGATICN OF CURRENT AND VOLTAGE IN A CHAIN OF 
«SIMILAR SYMMETRICAL RESISTANCE SECTIONS CLOSED IN 
Any RESISTANCE 

So far we have only considered the distribution of current 
and voltage in a chain of similar symmetrical resistance 


sections terminated in the characteristic resistance, Rg, of a 
The next problem is to determine the distribution 
Chis can be done quite readily 
Superposition 


ection 
for any terminal condition 
by employing the Compensation and 


theorems 


lhe Compensation Theorem 


Consider the simple 
circuit of Fig. Ifa 
which might represent 
a source having in 
ternal resistance Ry and 
in e.m.f., E, connected 
cross a resistance of R ohms 





Obvious! 
veuny, i = 5 R, 


but the same current would have flowed from the source if 
the load had been of resistance Ry and of e.m.f. ¢ (Fig. 
11(4)) provided that 

: E+e 
, ; aR 
R Ry 2Ry 


2Ry 


The Superposition Theorem 


It should be noted that the current J in the above case is 

actually the sum of two currents, thus 
I I+, 

where J, is the current due to the e.m.f. 

/, 1s the current due to ¢ acting alone 


E acting alone and 
I aa R 
sp und J a) iD 7 \E 
2K, . 2K, 2R, Ro R) 
I I , Ry R E 
. 2K, R, R Ro + R 
Thus, if we have a chain of similar symmetrical resistance 
sections terminated at either end in any manner, the 
termination can be reduced to a source of e.m.f. having an 
internal impedance equal to the characteristic resistance of 


For J, 


as before. 


the section 

For example, suppose a source having an e.m.f., ¢,, and 
internal resistance, Ry 600 ohms) ts connected to the 
input terminals of the original network of Fig. 1. When the 
output terminals are open-circuited (Fig. 12(a) ), they can 
be represented as a source of e.m.f. 2¢,/3 having an internal 
resistance of R, 600 ohm) (Fig. (124)). If the open 
circuit is to be replaced by a source of e.m.f., e’, having an 
internal resistance of Rj 600 ohms), then, since no 
urrent must flow in the termination, 


;* 
1200 


0 ore’ 


Thus, the source of e.m.f., e’, has been shown connected in 
opposition to 2¢,/3 in Fig. 12(c). Therefore, the circuit of 
Fig. 12(c) is equivalent to that of Fig. 12(a), and the current 
at any point in the circuit can be found by considering the 
separate effects of ¢, and e’. For instance, when the source, 
having an e.m.f., ¢ 2¢,/3, and internal resistance Ry 

600 ohms), which is equivalent to an open-circuit, is 
connected across the output terminals, the input terminals 
of the network can be replaced by a source having an e.m.f., 
e’,, which is dependent on e’, and having an internal resist- 
ince of R, { 600 ohms) 





From Fig. 12(¢ 
1.440 


é é 
2,160 : 7 i 9 


Hence the complete 
be represented by Fig 
that 


on / 


as was obtained by calculation initially 

It will be apparent that /, is the alg 
urrents, J’, and /”,, where J’, is the 
acting alone (Fig. 12(A)) and /”, is 
Fig. 12(%)), thus 


I, ; J 1,200 1,200 1,200 

Again, /’, is the current which would have appeared at the 
input if the output of the network had been terminated in 
600 ohms Thus, the 


it the input due to 


its characteristic resistance Ry 
urrent /’’, is the current which appears 
the change in output termination from the characteristic 
resistance Ry 600 ohms) to an open-circuit. Further, it 
should be noted that, had the output terminals of the net 
work been closed by the resistance R 

600 ohms) (Fig. (12g terminatior 


network can 
be found 


would have beer 


ind the voltage 


But, since the output terminals are actually open-circuited 
no current is received: therefore, a current /', must in effect 
be returned or reflected towards the sending end so that 


120 
the actual voltage across the open-circuited output 


terminals ts 


: ;* 
e. double the voltage which would have occurred had th 
section been terminated in its characteristic resistance. 
Again, for the short-circuit condition, Fig. 13(a), the 
yutput can be represented as in Fig. 13(5). The short-circuit 
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can be replaced by 
internal resistance R, | 


i sougee having an e.m.f., ¢, and 
600 ohms) provided that 


In other words, e must assist the effective e.m.f. which 
appears across the output terminals of the network. This 
has been shown in Fig. 13(d). The circuit of Fig. 13(c) is 
therefore, equivalent to that of Fig. 13(a) 

Thus, when the output terminals of the network are 
short-circuited, the input terminals can be replaced by a 
source having an e.m.f{., ¢’,, which is determined by ¢’, and 
an internal impedance of R, 600 ohms) 

From Fig. 13(e) it will be seen that 

1,440 2 2/ 2 \ 
i 6 —(6h!k UT A 








Hence 
can be represented by Fig. 13(f) 


the complete circuit at the input of the network 
Thus 
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lravelling Waves in Transmission Systems lL V. Bewley 
BSc (ELF MS.(EF 2nd Edn Published |. Wiley & 
Sons In S.A.) and Chapman & Hall, Ltd (UK 
43 PY 24611, 96s 


lo communication engineers, the title of this second edition 
1 ‘Travelling Waves on Transmission Systems’ may be mis 
since it 18 mainly concerned with surges on power 
listribution systems due to lightning However, since the 
treatment is mainly theoretical, making extensive use of 
operational calculus, it can be usefully read by communication 
concerned with the transient response of transmission 


ecading 


engineers 
ne 

For power engineers, concerned with the design and prote: 
ion of overhead power lines and terminal transformers, the 

ok isa useful summary of the theories of transient surges, and 
presents design data in a compact form 

Ihe volume is written in two sections, the first of which 
treats surges due to direct and induced lightning stroke 
witching and arcing earths Direct strokes are 
treated in some ten chapters the remaimime causes of surges 
voted to each of them. The second sectior 
in transformer 


hghtning 


having a chapter de 
neerned, in six chapters, with surges 
wincling Measures for the protection of the 
lered in both part 
t chapter deals with generalised 
n for I 
quoted The hapte 
which ma e considered 


ion line equations, and a soluts 
ipphed unit step 1 
L with various wave shape 
r atte 


mmation 


nuation due to propagation with and without 
deal with the reflectio 
and discuss the 
of multi-velocity waves in multi-conductor system 
1s discu ed 
s described 


a 


Subsequent chapters 


it transition points in a line system 


the formation of lightning stroke 
1 model for lightning stroke simulation 
f earth 


section then continues with a discuss: 


interpoise earthing of the towers Induced 
icing earth and switching 
Measure 
ed at some length 
mad section is devoted*to the 
assuming linear transformer 


phenomena are 


for the protection of distribution 


theor f inge 


transformer windings character 
stics Vanou 


wave shapes are considered The distribute 
winding, and terminal 
detail, on the basis of the 
mm line 


voltage throughout the ritage 


transients are treated in some 
sindings being considered as a system of tran 

Generally. the book summarises advances made inthe theory 
design and protection ot power distribution systems from the 
particular aspect of voltage surge The theoretical treatment 
s supplemented extensively by details of field work carried out 
ver a number of years For use as a reference work, the 
been presented in a clearet 
ild have 


maternal could, at times, have 
manner, and in particular the numerical examples co 
been separated from the main text with advantage, thi 
larifving the theoretical treatment, the latter being 


extensive The treatment of earth conduction effects rs 


~? 
ie 

K, I, 13 

4 

as calculated originally 
It should be noted that for the short-circuit condition, the 
voltage across the receiving end terminals is zero, and the 
current in the short-circuit is twice that which would have 
been received if the receiving end terminals had been 
closed by the characteristic resistance R 600 ohms 


120m) 230-8 ohms 


Cs 


0 
inued 


ind could have been elaborated with advantage. Considerable 
nvestigation of the subject has been made since 1930 and it 1s 
an important consideration in the treatment of power systems 
Che author comments in his introduction on the reasons for the 
scanty references, but, nevertheless, the references are not 
adequate for a work of this nature For example, in discussing 
lightning, reference to the work of Boys, Schonland, Loet 
Meck, Sunde and others could have been made with advantage 
In a similar manner, amplification of the references in other 
topics could have been made 

Apart from these minor defects, the book 1s a useful addityuin 
to the literature on power systems A complex subject has 
been simplified and summarised to an extent which permits of 
application to the design of power distribution systems. For 
the communication engineer, topics treated in the book have 
in particular the treatment of transients in 
transmussion systems, and of transformer windings as distr 
buted networks F.J 


ome relevance 


Thomas 
S17 py 


Theory and Design of Valve Oscillators H. A 
D.Se., M.I.E.E. Second edition, Chapman & Hall 
157 ill. 36s 

this work was first published in 1939 as one of a series of 
mographs on electrical engineering under the editorship of 

H. P. Young, M.1.E.E., M.A.LE.1 This second edition has 

wen revised and enlarged by rearranging Chapters I and II 
mdensing the material in the original Chapters IV to X into 

Chapters IV, V and VI, dropping Chapter XI and adding five 

hapter Two of the new chapte rs are devoted to Ré 
ilators and llators, whilst the remaining three 
leal with ultra high frequen 


crystal ose 
velocity modulated 
cillators and magnetr 
The three additional 
it LU HE and above are a useful extension of the original text 
However, the treatment in no way compares with that given 
to LC oscillators and one wonders whether the three chapters 
used in giving a more up-to-date 
rystal-controlled oscil 
chapter to crystal-controlled 
cillators 1s a change of policy but in no way does justice t 
if for no other reason than that it contains | 


ipters ypes of valve for use 


ould not have been better 
treatment of LC oscillators or even of 
lators 1 devote even ne 


the subject 

13 page 
The dropping of the subject matter of the original Chapter 

XI, namely, frequency stabilisation by automatic monitoring 

eems peculiar in view of the basic nature of the subject and 
many apphecations 

mainly from the origina! 


some surprising statements remain 
e, page 81, where a 1936 reference is considered 


text. For instant 
ew; page 87, that oscillation cannot be sustained without 
the introduction of harmonics; page 89, that C.C.I.R. tolerances 
are referred to and not the LT. and on page 214 one finds 

such a circuit (transitron) is comparable to the crystal 
scillator in stability 

Much pruning of the original text has been carried out and 
certain information has been added but the pruning could well 
have been more severe and the whole book made more up t 
late and realist: H.T.M 





C.C.1.F. Meetings, Florence, October 1951 


U.D.C. 061.3:621.395 


All of the commissions of the C.C.1.F. with the exception of the Sth met in Florence in October 1951, over a period of about two weeks. 
These meetings were followed by the XVIth Plenary Assembly at which the recommendations of the technical commissions were endorsed. 


A short report 


of the work of each commission is given in these notes. 


The XVIIth Plenary Assembly will be held in 1954 after the Administrative Telegraph and Telephone Conference. 








PROTECT 


Ihe first Study Group 
presidency of M. Collet (France 
with the examination of problem 
protection of communications cir 
lay down limits and to recon 
to both light current and he 
ing interests. To this end 
interests to be represents 
communication engineer 
representatives of the Int 
ind Distributors of Electri 
the International Conferen 
C.L.G.R.E 

\ number of modification 
Yellow Book, Volume 2, Pari 
i revised specification for the 
for commercial telephone 
Study Group was the 
yuestions to be examined duri 
juestions, and of these numbet 
nterest to the Post Office 


Ouestion 7 

At present, the allowable limit 
power line and a telecommunication 
earth fault on one pha se Ol the power line 
of producing in the telecommunication lin 
ge exceeding 430 \ Che question 1 
some relaxation of the limit can be ag 
which, by virtue of the nature of thei 
most unlikely to be subject to earth faults, and which are 
fitted with such efficient protection and circuit breaket 
that any earth fault would be clear 
and the majority (80 per cent.) of suc f in less than 
O-1O-2 sec 
Office because there are at present « 
n which it seems almost impossible nforn nomically 


to the 430V limit 


ed u than 0-5 sec 


This question 1s a very V meto the Post 


nsideratior 








Parry Oursipe St. Peters, Roms 


Ouesthions 12 and 13 

Questions 12 and 13 relate to the definition, measurement 
ind limitation on trunk and local circuits of electrostatx 
ind electromagnetic earth unbalances, which determine the 
susceptibility of these circuits to noise interference from 
power lines. To the Post Office, this is a problem of some 
moment: one of its facets which comes to mind is the 
possibility that it may be found that at audio frequencies 
equipment unbalance so preponderates that cable balancing 
technique can be simplified without any appreciable de 
‘radation of the overall noise interference level. Statistics 
ire to be prepared of measurements on working circuits and 
these should help to clarify the position 

The edition of the ‘Directives Concerning the Protection 
1 Telecommunications Lines Against the Damaging Effects 
ot Electric Power Lines (Rome, 1937, revised at Oslo 
1938)"' is at present out of print and as there is a demand for 
these directives it has been decided to set up a committee 
to revise them. Total revision of the document will take 
ome years but, to meet the need more rapidly a prov isional 
revision will be made which will incorporate all the modifica 
tions of which the prim iple has already been adopte d by the 
wore ko 


2np CLE PROTECTION AGAINST CORROSION 

On the 6th October, 1951, the 2nd Study Group witnessed 
a demonstration, sponsored by the Commission Mixte 
Internationale, of a double-bridge method of determining 
the proportion of the current in a rail of an electric traction 
ystem which leaks from the rail into the earth. The C.M.I 
is a mixed commission of both heavy-current and light 
current engineers whose object is to throw light on problems 
relating to the influence of electric power on telecommunica 
tions 

The Study Group commenced its work proper on 8th 
October under the presidency of M. Collet (France). It 
considered problems and documentation relating to cable 
corrosion and the composition of cable sheaths, and drew up 
i list of nine questions for study during 1952-53. These 
over problems relating to alternatives to lead in the con 
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struction of cable sheaths, the causes of inter-crystalline 
corrosion of lead, the protection of cables against lightning 
the maintenance of cables under gas pressure and the use of 
radio-active tracers for locating sheath defects in lead cables 
Che major part of the Study Group's time, however, was 
taken up in the completion of a document entitled 
Recommendations for the Protection of Underground 
(ables against the action of Stray Currents arising from 
lraction Systems (Florence, 1951).’ 
The above Kecommendations have been drawn up by 
the C.C.LF. im agreement with the representatives of 
1.G.R.E., U.N.LP.E.D.E., the International Union of 
Railways (U.1LC.), the International Union of the Gas 
Industry (U.I.G.) and the representatives of national tram 
ways associations. It will be appreciated that technical 
ccord between bodies whose operations Can cause corrosion 
ind those whwose plants sufier it is not easy to secure, and 
that this has been achieved is felt to be a real cause for satis 
action, The ground covered in the Recommendations is 
ery complete. Good "codes of practice” are prescribed for 
the construction of beth traction tracks and underground 
ipes and cables; methods of protecting underground plant 
with protective wrappings, insulating gaps, electric drainage 
ind cathodic protection are described and details of measur 
ng instruments and testing procedures given 
Ihe document just completed refers specifically to 
rrosion produced by stray currents: it is complementary 
to the C.C.1.F. document “Recommendations for the Pro 
ection of Underground Cables against Corrosion (Paris 
1049)" which treats the subject on more general lines 


blectri« 


3rp Cb LONG-LINE TRANSMISSION 


tefore the meeting in Florence, previous meetings had 
November 1950, and in London in 
March 1951, so that a good deal of preliminary work had 
been done. In the following notes an attempt has been made 
to pick out the most important items in each subject 


been held in Geneva 


peech Crrcests 
Observations made on a number of international circuits 
ver long periods have shown that the equivalent at 800 c/s 
has a standard deviation of 0-19 Neper and the percentage 
of measurements outside the limits +0-5 Neper is of the 
order of 7 per cent. To improve this state of affairs a 
number of remedial measures have been suggested, including 
the recommendations that adjustments made after period 
measurement shall be as close as possible to the nominal 
value, and thorough investigations made for incipient faults 
Phe value of the equivalent of a circuit, when in terminal 
vervice, for a semi-automatic international circuit has been 
fixed at O-8 Neper. For manual working the equivalent can 
be of any value not greater than 0-8 Nepet 


Music Circutts 

The specification for the new normal music circuit 
giving effective transmission up to 10 ke/s has now been 
agreed. Such circuits can be provided on carrer systems in 
which arrangements are made to put the circuit in place of 
three speech channels 

In this case it is pointed out that the 12-channel groups 
most suitable are those towards the middle of a supergroup 
(Nos. 2, 3, 4) and the best supergroups are those with the 
lowest carner frequencies 


Carrier Systems 

Many European countries are now interested in 24, 36, 48 
and 60 channel systems and recommendations have been 
made for the partition of line frequencies. The British 
carrier network is in agreement with the recommendation 
for “up to 48 circuits.’ 


36 


As mentioned in a previous article,! noise limits to be used 
us a basis of design have been discussed and agreed. For a 
coaxial system this limit for the high-frequency line is 3 pico- 
watts per km. and the same figure has also been accepted as 
i provisional guide for carrier systems on unloaded balanced 
par cables 

It had been agreed in 1949 that certain reference fre- 
quencies should be used fer measurements on 12-circuit 
groups and supergroups 

These were 84 kc/s (in the basic group) and 412 kc/s (in 
the basic supergroup). It will be noted that these are virtual 
carrier frequencies and it was known that certain difficulties 
would attach to their use. This matter has been further 
discussed and it has now been agreed that two frequencies 
will be transmitted in place of one, the precise values being 
1s follows 





Absolute level of power at 
a zero level point 


20 db 
25 db 


~upergroup Reteren a 26 db 
Shennan 20 db 





By agreement between the countries concerned, only one 
frequency need be transmitted 


Televiston 

Information on the standards to be adopted inter 
nationally for television signals is still awaited from the 
C.C.1.R. In the meantime, however, a good deal of pre- 
liminary work has been done by the agreement of such items 
as impedance and amplitude at video points, and by con- 
sideration of methods of testing and maintaining television 
circuits 


Telegraph Circuits 

Discussions took place with the C.C.I.T. on a number of 
juestions relative to operation and maintenance, and 
reserve circuits. For instance, it was agreed that the 
characteristics of the reserve circuit should be as nearly as 
possible those of the main circuit 
Vew Onuestions 

A very large programme of hew questions was approved 
at the Plenary Assembly, many of which concern inter 
connection with radio links. These latter questions have 
mainly originated with the Mixed Commission which has 
been considering the Switching Plan for Europe and the 
Mediterranean Basin 


4ru C.E.—Locat TRANSMISSION 


Extensive series of articulation tests have been carried out 
at the C.C.1.F. Laboratory with a view to determining the 
practicability of obtaining reliable transmission performance 
ratings of the local ends of a telephone circuit with the 
facilities available to that laboratory. Five types of com 
mercial telephone sets, supplied by different administrations, 
were used in these tests 

Results of the tests were considered by the sub-committee 
for specification of transmission performance (Geneva, 
October 1950) and by the 4th C.E. (Florence, October 
1951). On the latter occasion agreement was reached on 
outstanding details for obtaining separate sending and 
receiving transmission performance ratings by measure- 
ments of A.E.N. (Affatbhlissement Equivalent pour la Netteté) 
relative to the performance of the high-quality reference 
system, the A.R.A.E.N.? By October 1951, the technique 
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of measuring A.E.N. values at the C.C.I.F. Laboratory had 
reached a stage at which it could become no longer experi 
mental but a routine, and in fact four additional types of 
commercial telephone set had been tested in this way 
Arrangements have been made for others to be tested 

The C.C.1.F. has now agreed that the new method of 
rating transmission, based on A.E.N. values, should be 
introduced as soon as practicable in national networks of 
European countries, so that new directives can be decided 
for the national and international telephone networks of 
Europe. With this object in view the 4th C.E. has formally 
posed for study a new question asking what is the maximum 
permissible limit of transmission performance 
expressed in terms of A.E.N.) for a national 
telephone to the terminals of an international line 

Of other questions which are being continued for study 
there is space here to mention only two. One concerns the 
possibility of obtaining transmission performance ratings 
from objective tests only; some interesting contributions on 
the calculation of articulation values from data obtained by 
objective tests have been received. The other deals with 
transmission Impairments due to circuit noise; arrangements 
have been made for a series of tests to be included in the 
programme of work of the C.C.1.F. Laboratory with a view 
to obtaining information on the effects of circuit noise on 


transmission, in as generalised a form as is practicable 


ratings 


system from 


6TH AND 77TH (.k.s—OPERATING AND [ARIFFS 

Ihe 6th and 7th Study Groups re 
reached at their meeting in Geneva in 1950 and, in order to 
implement those decisions, approved modifications and 
additions to the Operating and Tariff Recommendations in 
Volume I of the Yellow Book and to the Operating Instru 
tions, which were later agreed by the Plenary Assembly 
The main items concerned were: the inclusion in a single 
recommendation of the generally accepted broad principles 
for the operation of the inter-continental radio-telephone 
services; additions to Recommendation No. 21, suggesting 
rentals for short-period use of international telephone 
private wires; and the drafting of a booklet on broadcast 
transmissions, containing instructions for the controlling and 
accounting staff concerned with such transmissions 

['wo new questions which had arisen since the last meeting 
were also considered. The first related to the priority to be 
accorded to urgent epidemiological calls, and it was decided 
that urgent « alls booked by the World Health ¢ irganisation 
and its Regional Centres to prevent the possible spread of 
quarantinable diseases should be consi 
and should be given absolute priority 
the question of the free use of emergency 
been complaint of the abuse of this privileg: 
sequently decided to delete from Recommendation No. 11 
that part of the recommendation referring to the free use of 
emergency routes and to substitute a statement to the effect 
that such calls should be include 1 tl International 
Accounts for their full chargeable duratior 

rhe Study Groups agreed 19 new quest t 
tf which refers to the possibility 5 ] i inter 
national telephone private wires 
the review of international tele] 
lecided to proceed in 1952 with the issue of a questionnaire 
n the net costs of coaxial cable cir s, but agreed that it 
was premature at present to 
onnection with radio relay 
questionnaire on this subject wa rdi leferre 
1953 

As M. Mockh, Chairman of th h idy Group and a 
founder-member of the C.C.1.I ras du tire before the 
next meeting, his lle { 1 


viewed the decision 


lered as distre calls 

The second dealt with 
, There had 
_ 


iit was con 


general question of 


no! ti 


Study Groups 


i similar study i 


roces 
ink circt ind the issue of 
j 


' 
t 
j 
i 


a 
until 


him for his direction of the Study Group and for all the work 
he had done in the C.C_I.F. over so many years 


STH C.E 

Che 8th C.E., having already formulated replies to the 
questions set for study by the XVth Plenary Assembly, met 
in Florence to consider the revision of Volume V of the 
Yellow Book, taking these replies into consideration. It also 
formulated a number of new questions dealing with signal- 
ling and switching to be recommended to the X VIth Plenary 
Assembly for study during 1952 and 1953. 

Among the subjects discussed the following may be of 
particular interest: Section V-2-3-2 of the Yellow Book 
defined the maximum permissible power level of signals 
transmitted on international circuits. Some discussion took 
place on the interpretation of this section and it was decided 
to add a note to the effect that the figure of 2-5 microwatt 
hours, which is the maximum signal energy permitted per 
circuit during the busy hour, may be regarded as the mean 
value of signal energy on all channels in the same direction 
of transmission in a primary carrier group. It is not 
intended, however, that the power transmitted on any tele 
phone channel of a carrier system should exceed 12,000 
microwatt-seconds in one direction, 

Section V-2-3-1 of the Yellow Book sets out the advant 
ages and disadvantages of signalling systems which use a‘ 
signalling path separate from that of speech transmission 
It was recognised that, when this text was drawn up, only 
signalling systems having a completely separate signalling 
channel were taken into consideration. Systems which can 
be described as ‘‘associated channel” signalling systems, e.g 
systems using signalling frequencies situated between the 
bands of two adjacent telephone channels of a telephone 
carrier system, may not suffer the disadvantages indicated 
for systems using an entirely separate signalling channel 
particularly in regard to costs. It was decided to add a note 
in the Yellow Book to make this point clear 

The proposals which the 8th C.E. have recommended for 
insertion in Section V-2-4-1 of the Yellow Book clearly 
indicate that each administration will be responsible for the 
protection of its own national signalling system against 
interference which can arise when two different national 
systems using the same, or nearly the same, signalling fre 
quencies are interconnected by an international circuit 
Such protection may in practice be difficult to achieve, and 
it was, therefore, decided to set a new question for study 
with a view to determining the precautions to be taken in 
the design of a national signalling system to avoid the type 
f interference referred to above 

Other questions (13 in number) dealing with various 
ispects of international telephone signalling and switching 
were recommended for study by the 8th C.E 
and ot the exper ted report on the field 
trials of international semi-automatic telephone operation 
ing discussions for the 8th €.] 


SIGNALLING 


- considera 
tion of these 


promises some very interest 
in 1942 and 1953 


hiELD TRIAL COMMISSION (FOR SEMI-AUTOMATIC TRIALS 


The C.C.1.F. are planning to carry out field trials of 
ignalling and switching equipment designed for semi-auto- 
matic telephone international circuits 
the object being 
a) lo assess the relative merits of two different signalling 
systems; one of which uses two signalling frequencies 


and the other which uses a single frequency. 


operation on 


lo ascertain the extent to which it is possible to 
establish calls on a semi-automatic basis without the 
assistance of an operator at the incoming terminal 
exe hange 
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lo determine the operating procedure to be employe 1 
for international semi-automatic telephone operation 
The Field Trial Commission (C.E.A.) which is responsible 
for the conduct of these trials, met in Florence to consider 
the progress made in the construction and installation of the 
held trial equipment in the countries concerned and t 
determine the lines on which the trials should be conducted 
It appears from the reports of the participating countnie 
that the 2 V.F. signalling equipment should be ready for 
vervice in all centres by the middle of 1952 and the | VF 
inalling equipment by about September 1952 
The 2 V.b. equipment in the Scandinavian countries is 
the course of installation, or already installed A tew 
ircuits between Oslo, Copenhagen and Stockholm = ar 
already in operation on a semi-automatic basis 
In view of the importance attached to the analysis and 
presentation of the results of the trials, it was decided that 
ill documents recording the results of service 
and faults should be forwarded to the C.C_L.1 
for examination and for the preparation of a statistical 
inalysis of the result This work will be carried out under 
the control of a small working party, established by the 
Field Tnal Commission who will meet 
preferably in the 


terminate 


observations 


secretariat 


as frequently is 
necessary towns where the field trial 
eircun 
The bield Trial Commission, also decided to issue fou 
basic documents covering the various aspects of the trial 
lamely 
l Instructions for 
to be employed 
Equipment Specifications 
Conduct of the trials” indicating the lines on whicl 
the trial hould be put into operation undo the 
observations to be taken 
Maiitenance Instructions 


operators defining the perating 


method 


ABULARY COMMITTEI 


\ birst draft of the list of definitions of all essential 
telephone terms’ was prepared during the C.C.1.1 

Geneva in 1950. and the observations of the national 
orrespondents upon this draft were collected into a “First 
hist of additions and modifications 

\ i result of the work of the Vocabulary Commiuttes i 
revised draft of the definitions is now being prepared. All 
the terms are defined in French and in Enghsh, and where 
there are terms which have no exact equivalent in France 
(,reat Britain and the United States of America, the different 
terms in use are given together with thei definitions 

In addition to the “List of definitions” the Committee 

vised the List of telecommunication terms in eight 
particularly verifying the agreement betwee 
French and English terms; in addition, the English term 
ised in Great Britain and in the United States of America 
were verified and unessential differences eliminated wher: 


meetings 


Languages 


there is agreement in usage 


GRAPHICAL AND LETTER SYMBOLS COMMITTEI 


Vanous problems were reviewed, many of which will nee 
further study in co-operation with the C.-C LT. and C.C_LR 

A proposal was made that a diagrammatic means should 
be standardised to show the successive operation of relays 
n automatic exchange switching circuits. It was decided 
that this problem should first be reviewed by the Sth Study 
Group for a decision to be made whether such a diagram ts 
lesirable and whether, in the opimion of the auto-switching 
experts, the operation of the relays in a switching circuit can 
be shown diagrammatically and so obviate the need of a 
long written description of the circuit operation 

As regards some of the questions for which an inter 
national standard is desirable, a British standard has 
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Letter Symbols for Electronix 
und Graphical Symbols used in 
Supplement No, 2 (1951) to 


ilready been issued, viz 
Valves, B.S. 14090: 1950 
Wave-guide Technique 
4.5. 530 -> 1948 


MiXep COMMISSION FOR THE EUROPEAN SWITCHING PLAN 


At the meeting of the Mixed Committee for the General 
switching Programme for Europe and the Mediterranean 
asin, delegates from 21 countries were present as well as 
representatives from the C.C.L.T., the C.C.LR., the World 
Meteorological Organisation and the International Civil 
\viation Organisation. Estimated circuit requirements for 
the public telephone service up to 1954 were prepared and 
the Committee also took note of the requirements of the 
public telegraph services and those of the broadcast 
organisations for broadcast transmission circuits. A list of 
normal and emergency routes for broadcast transmissions 
was prepared and this will be reissued from time to time by 
the Secretariat on information furnished by the various 
idministrations 

Reports were received from the delegates for Switzerland, 
the United States and the United Kingdom on radio relay 
links in their inland networks and from France, Italy, Israel 
ind Jugoslavia on their plans for international radio relay 
links. Representatives of the C.C.I.R. were present to give 
general guidance and advice on the use of radio links for the 
international telephone network 


PERMANENT MAINTENANCE SUB-COMMISSION 


fhe Permanent Maintenance Sub-Commission of the 
C.C.LF. met from the 3rd to 6th October under the chair 
manship of Mr. Visser, of the Netherlands P.T.1 


The main work of the sub-commission was the revision of 


the programme of maintenance for international telephone 


circuits in Europe. This programme lists all the international 
telephone circuits in Europe which transit one or more 
ountries other than those in which the circuits terminate, 
ind the members of the sub-commission agree the dates on 
which periodical maintenance tests (‘‘routine tests’’) on the 
ircuits are to be carried out. The programme has to be 
carefully worked out to provide an even flow of work, and in 
particular to avoid an overload of work at main transit 
repeater stations on the Continent, where transit circuits 
from many countries have to be tested. This is not always 
easy to achieve and often requires considerable rearrange 
ment of the programme. At Florence the maintenance 
programme was reviewed and a new programme prepared 
which was brought into operation on Ist January, 1952. 

Other work covered by the sub-commission included a 
review of the arrangements for setting up and maintaining 
international carrier systems, and proposals for various 
modifications to the existing instructions on these matters 
n the C.C.I.F. publications. The sub-commission also dis 
cussed the arrangements for setting up circuits required for 
international broadcast transmissions. A recommendation 
was made to the 3rd Commission that a minimum period of 
15 minutes should be fixed as the normal duration for the 
idjustment period (la période de réglage) which is used by 
the engineers of the P.T.T.s for setting up a circuit prior toa 
broadcast 

{ONCLUSION 

The arrangements made by the Italian Administration for 
the Conference and for the comfort and entertainment of 
delegates and their families were perfect. In addition, many 
lelegates were able to make a four-day visit to Rome as 
guests of the Italian Administration. There is no doubt that 
the visit to Italy will long be gratefully remembered by all 
present 
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His late Majesty the King, in the New Year Honours List 
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Recent Awards 
The Board of Editor 
engineering Department 


Reading Telephone Are: 


Retirement of Mr. F. E. Nancarrow, 
O.B.E., A.R.C.Sc., M.1.E.E. 

[he retirement of Mr. Nancarrow means the lo tl 
Ly partment of a per sonality well knowr 
ted in lelegraph ciréles both nationa 
\fter engineering training in a naval 
Nancarrow became a Whitworth Exhib 
Scholar at the Imperi il College of Science 
the Department by open competit 
Engineer in 1914 

For 19 years he occupied variou 
Section at Headquarters, Dollis Hill 
harge of the Bodmin Beam 
ictivities during this period was 
Department of the work or 
which the Department now occupi 
He was transferred to the Telegraph 
became Staff Engineer in 1936 

Many important developments in Teleg: 
place during his term of office of whicl 
voice frequency system of transmissio1 
national Telex ind Automat Tel 
ex imples 

I he prototype of the new Mufax facsimile 
may well revolutionise sub-office 
came along, much to his delight, a few 
retirement 

On the outbreak of war Mr. Nancarrow became respon 
sible for directing the planning and provision of the many and 
varied telegraph requirements of the services, including a 
very great expansion of voice frequency, teleprinter switch 
boards and other specialised equipment. It is a remarkable 
fact that by 1944 there was five times as much telegrapl 
quipment in the country as had existed before the war 

For these war-time services Mr. Nancarrow was, in 1944 
lecorated with the O.B.} 

Internationally, Mr. Nancarrow was well known owing 
the important part he played in the C.C.1.T. of which he 
was principal Reporter for the study groups on Photo 
telegraphy and Telegraph Switching, and led the U.K 
delegation at many of the techmecal conference from 
1936 onwards 

He served with distinction 
member of the Board of Editor 


juartz 


working 


contributor to 


the following members of the Engineering Department honoured by 


Technical Officer 
Staff Engineer 


British Empire Medal 
Officer of the Order ot 
the British Empire 
British Empire Medal 
British Empire Medal 
British Empire Medal 
Member of the Order of 
the British Empire 


Leading Draughtsman 
rechnician Class I 
Technician Class I 

Senior Executive Engineer 


mour recently conferred upon the following member of the 


Officer of the Order of 
the British Empire 


I ispector 


this Journal, whose readers will wish him many vears 
ippy and well-earned retirement 
H.t 


Death of Mr. G. A. Abbott 

We greatly regret to record the death, early in January 
i Mr. G. A. Abbott, who served with distinction as a 
Member of Council of the Institution from 1949-52 and was 
ictively engaged on the Library and General Purposes 
Committees. He was also a member of the London Centre 
Committee from 1936-38 and from 1948-52, representing 
during the latter period, the interests of Executive Engi 
neers and Asst. Regional M.T.O.s, London Region 

His untimely death came as a great shock to his Council 
ind London Centre colleagues, who will retain warm 
memories of the activity and enthusiasm which he displayed 
in Institution affairs 


Journal Price Increase 

Most readers will be aware that the publication world 

is been very hard-hit in recent years because of the 
continual increases in the costs of production Apart 
from the incidence of several wage awards in the printing 
industry, the cost of paper has risen alarmingly; in fact, 
the paper on which this issue of the Journal is printed cost 
more than double that used in April 1950 

In considering how best to deal with this situatior 
every means of economy which could be adopted without 
impairing the value of the Journal has been exploited 
In spite of these efforts the position is now so serious that 
the price of ls. 6d. per copy to Post Office readers can no 
longer be maintained and we regret to announce that 
commencing with the July 1952 issue, the price will be 
increased to Is per copy 

With this arrangement it will be possible to maintain 
the Journal at its present size and ensure the continued 
publication of the ‘Supplement with its wide selection of 
model answers to questions set in the City and Guilds of 
London Institute examinations in Telecommunications 
Engineering 

Meanwhile, readers may be 
the present conditions improve they will benefit accord 
ingly, because the policy of the Journal has always beet 
ind still is, to run on a non-profit-making basi 


issured that as soon as 








Regional Notes 


London Telecommunications Region 
YOUTH RECRUITMENT 

Io stimulate interest in Post Office Engineering 
the L.T.K. made and staffed a stand, seen in the ph 
at the Schoolboy’s Own Exhibition which runs ea 
London for a fortnight in the Christmas holidays. |! 
{ the extent of the good done will take time to unf 
without doubt those of the 170,000 visitors who came 
stand were able to see what a career in the Post Office 

Against a background of pictures depicting many interest 
features of P.O. work and training, the boys—and thew 
vho came too-—could see and operate working mode 


tte 


wluded the two-motion switch, motor uniselector 


rambler and speaking clock A teleprinter wa 
print at intervals of a few minutes a recurring m 
the recruitment drive These telegram 
oliected as souvenirs and will probably lead t 
wing studied elsewhere 
Fach likely young fellow was oftered verbal adv swer > CRIVE! 
ind printed matter. The most likely of ther 


In New YorK 


\n enquiry was made if an automatic relay could be 
rranged, Falmouth to New York, the agency to transmit 
their Falmouth signal, through to Electra House on the tie line 
Fleet St./E.H already existing 

Electra House was required to automatically convert the 
ine amplitude modulation to sub-carrnier frequency modu 
lation for radio transmission, which presented no technical 
difheulty, and it was agreed to handle the transmission in this 
I ne; 
At 3.15p.m. G.M.T., the first picture came through, was trans 
mitted to Electra House, converted, and thence to Ongar's 
ingle side-band transmitter GLU and cleared to NYK on 
Channel A NYK automatically converted the frequency 
modulation back to amplitude modulation and so through t 
the customer's New York office where it was fanned out t 
any U.S.A. cities, mcluding San Francisco 

rhe picture transmission began at Falmouth at 3.15 p.m 
ind was simultaneously received in the U.S.A. cities at 
$25 p.m. G.M.T. Other pictures followed and were handled 





tlarly 
\ point of great technical interest is the keying speed involved 


agency could operate only at 100 r.p.m., far higher tha: 
isual drum speed of 60 r.p.m., this representing a keying 


peed approa hing 1,000 cycles 
Phe pictures received in the U.S.A. were of good quality and 


participate in the 3-times-d y trips from t ‘ eT ttle ce 
©. premises by special P.O. transport, with a free W.C_A 
to the exhibition. Thus 33 parti f 7 boys, and 
thew parents in‘some cases, saw a modern utility I . > 
external work equipped with selected external h d Home Counties Region 

uted Mayfair and Holborn exchange Indoor I e parte N UNUSUAL METHOD OF USING A MOBILETI AX 
aw a cable chamber, exchange battenes, ; dey ra Recently four \ units ad to be renewed at Ardingly 
et, also the cin Owes Pan , nit Automatic Exchange N 13 type [his was accon 


nterestins —_ plished successfully without interruption to service, by the 





The boys, mostly of the — Grammar ee BSUS e of a mobile U.A.X. in an unusual manner 
all parts of the country and two from the es ‘ The mobile U.A.X. used was that described in this Journal! 
were well to the fore in their thoughts and many t arly n July 1949, with the equipment for the complete exc hange 
lecided These had ideas ranging widely , SCRE ated in two vehicles, the  A’’ vehicle contaiming the “ A 
but all went away mpr 1 by v t they nd“ ¢ units, and the “’ B " vehicle including the“ B "’ unit 
friends and | es we nee . 1e termination of the public electricity supply mains, the rect 
tel ie power panels and batteries. The 4 "’ vehicle only wa 
enthusiasm v " ee * ne equired at Ardingly. This was not available for delivery t 
congestion was our probier ——— rer the site until the end of October and, as the complete M.A.X 
received, from the management of the « enaeedhpempaihwdboge vas required elsewhere by mid-December, the work had to be 
holders of other stands—we |! yone \ with .< rganised on an urgent basi 
ation of space. We natur _ adie . next Che site to which the M.A.X. had to be delivered was n 
nristma an easy one to negotiate, having a frontage to a very narrow 
road which made it difficult to manoeuvre the vehicle. The 
entrance was by double gat ide enough only for a Morris 
ADO PICTURES EXPANSION OF THI Ul Minor van. Added difficulties were the presence of a number of 
RELAY FACILITY rees on the site which could not be lopped or removed, and a 
Luring the last hours of the 1ll-fated Flyin nterpris | worun n rt time available, 1t was not possible 
§ Falmouth, 9th January, 1952, newspaper ommodate the mobile exchange 
the pot with portable telephot quipmer base The gates and posts 
ture t Fleet Street hort length. of fence, and the 


Hi 





site was roughly levelled by using railway sleepers. In spite of 
the difficulties, the vehicle was backed into the site over the 
temporary sleeper track and placed in position. It was finally 
levelled, using jacks, resting on boiler plates to distribute the 
load 

The ‘A’ vehicle was worked from the permanent U.A.X 
power supplies. The wiring from the “ ¢ unit in the perma 
nent building required for bringing the mobile exchange int 
service, together with all power cabling was passed through an 
aperture in the building made by the removal of a Hattor 
vent. Apart from the power supplies, all connections betweer 
the permanent and temporary exchanges were carried out in 
cable with plastic insulation and The wiring to the 
mobile exchange was completed and all circuits transferred 
within a week. For the purpose of the transfer, the j unctior 
circuits were wired via change-over strips, and all subscriber 
civcuits were “ teed "’ in the permanent exchange 

The four ‘' A '"’ units to be changed were then recovered and 
replaced by the new units. The entire wiring between units 
both in the original installation and in the renewal was carried 
out in plastic cable. In the original case alternative methods 
of terminating the plastic insulated cables on connection strips 
were tried, but on the renewal the method found from 
experience to be the most satisfactory was used throughout 
All circuits were restored to the permanent exchange on 3rd 
December, the mobile exch inge being released a -veek later 
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covering 


EXTENSION OF BEDFORD AUTO-MANULAI 


rhe opening of a 33-position extension to the auto-manua 
suite on 12th September, 1951], provides the opportunity t 
describe a few of the unusual teatures of the installation 

The original 22-position suite on the second floor of the main 
exchange was extended in the early part of the war by a 
9-position suite on the first floor. The post-war growth of 
trafic demanded a further extension and the space on the first 
floor was needed for relay sets. It was therefore decided t 
provide a new suite of 33 positions on the second floor of 
Telephone House, some 150 yards away, to work paralle 
with the original 22-position suite 

Five 1,000-pair, 10-lb. P.C.O.L. cables were | ded bet wee 
the two buildings in parallei with the existing outgoing and 
incoming multiples and the existing ju n relay sets were 
retained in the main exchange. Separate lamp relays, 6-volt 
transformers and standby 6-volt batteries were provided i 
Telephone House and the 50-vol extended fron 
the main exchange using four cabl quare incl 
equivalent cross-section 

Owing to the critical resistance of 
single-wire resistance of 9 ohn 


BOARD 


circuit an overa 
specified between the 
relay sets in the main exchange and the ultimate en 
new multiple in Telephone House 
ut any question of fitting the n 
provide 


urroun 


rT 
was therefore necessary t 
6-inch layer of concrete 
track 

Due to the expected P.D. of up t Its between the 
positive busbar in the main exchange and that 
House it was decided not to provid: arate earth systen 
at the latter building. Consequently all cables between the 
two buildings have been sheathed over the ad with polythene 
to prevent electrolytic corro 


ae fF 


DAME ALICE 


lelephone 


The configuration of the external duct track, including the 
risers to the second floor of Telephone House, would normally 
have necessitated a joint in each manhole in addition to the 
usual joints between the paper core and the terminating 
Cabling was further complicated by the fact that 
manhole No. 3 had to be of non-standard construction to meet 
obstructions and this resulted in two right-angle bends in each 
cable within a distance of 3 ft. 6 in 

By adopting the following techniques, terminating joints 
only were made on the 1,000-pr. cables and none at all on the 
power cables 

The power cable termination at the main exchange was in 
the power room on the ground floor and the P.C. cables were 
to be jointed to the terminating cables in the basement cable 
chamber. This, together with the fact that the power cables 
could be bent into a much smaller radius than could the 1,000-pr 
cables, demanded two different methods of cabling. 


cables 
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DeTAIL At MANHOLE N 


ables were drawn in from manhole No. 2 to 

fleeted”’ through No. 1 as far as the pane! in 

Sufficient cable was then taken off the drum 
it manhole No. 2 to reach the power panel on the second 
floor of Telephone House; it was then cut and coiled in figure 
if-eight formation on the roadway. The free end was then 
passed through the entrance of manhole No. 2, through No. 3 
and up the risers by means of snatch blocks and a crab winch 
located on the second floor. The manhole opening was large 
enough to permit the final loop being passed through without 
kinking 

Because the 1,000-pr. cables could not be bent into a radius 
small! enough for the final loop to be passed through the man 
hole opening it was necessary to fleet sufficient cable through 
manhole No. 1 into the main exchange cable chamber for it 
to be fleeted back again through manholes Nos. 2 and 3 
and up the risers To do this meant fleeting 39 vards of cable 
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I he powe! 
N | and were 
the power room 





nto the able hamber and the problern 

ommodate so great a length 

The staircase and doors to the cable chamber were too small 
for the passage of a normal drum of the requisite diameter 
Therefore, a four-foot drum was set up, fully battened and 
spiders '' bolted to its sides, and the 39 yard 


having wooden 


if cable was wound on over the battens as it was fleeted into 


the cable chamber, using a motor winch at manhole No. 1 
[Lhe motor winch was then moved to manhole No. 2 and, wit! 
the help of the hand winch on the second floor of Telephon 
House, the whole length of cable was fleeted back until the 
eading end reached the appropriate point on the second floor 
This operation involved very close co-ordination of effort 
the cable chamber, the three manholes and in Telephone 
controlled over an omnibus telephone 
ircuit together with the usual method of calling down the 
The focal point was at the motor winch whence 
not only the movement of the cable was controlled but al 
the transfer of manpower as the cable moved from the drun 
n the cable chamber 
Che first lengths were drawn in on Sundays to avoid possible 
terruptions due to traffic, but expenence, and the very keer 
team spirit shown by all concerned, proved that this precauti 
ally necessary and the rest of the 
d during the normal working week 
peak staff employed was sixteen men, but their 
iving of over 4,000 manhours be 
from the ex pec ted 37 to only 


House and this was 


luct track 


cabling work 


fHk HUMAN FACTOR IN EXTERNAL WORK 


incidents have occurred in the Canterbury Area re« 
h, whilst no utstanding in the technical or engu 
yet serve to show in what manner difficults 
ver ne when the right spirit prevails 
The first concerns a large, direct-labour 
I he ircumstance particularly favoured 
Aveling Barford excavator, but the site of work 
where both travelling and lodging facilits were 
Che problem was solved when the only gang having experience 
f this mechanical aid came forward with the suggestion that 
they would le prepared to hire a caravan and live on site 
The offer was gladly accepted and every facility was prov 


wing the caravan and making their stay as pleasant 


ble The pob wa mm pleted with a remarkably f 
ce and the same gang have since irried out tw 
imilar conditions The advantage 


wement with experienced men handling a 


under 
anism, the latter under constant watc! 
ineffective tyme to the absolute minim 
point it as desired to stre 
fier came from the men therms« 
nd instance concerns the work of a gt 
cK 4 MAN. transfe The 











Tur Exrernxat Gane with Caravan 


shes on the south-east coast and all the land about ts below 
gh water level. A 12-inch, open-jointed, storm and fou! 
water drain 1s adjacent to the duct track and passes close to the 
exchange manhole This drain empties to the sea about a 

ile-and-a-half away through a tide trap, which, does not 
always work 

The combination of a spongey, springy road carrying heavy 
trafic, an open-jointed drain and an old duct track—with 
indoubtedly many broken collars—certainly predisposes to 
flooding Flooding is an understatement, when the tide 
reaches the level of the drain pours in all three ways 
f the T.R.7 manhole and it takes a Lister-driven 4-inch flood 
gate pump all its time t ype with it 

The fact remains that men have been working under these 

nditions, and made a good job of cutting-in anew exchange 

W. G. ¢ 


water 


North Eastern Region 
SUL TH SHIELDS RELIEF EXCHANGI 
The subscribers’ waiting list at South Shields was the largest 
i the Newcastle Area due mainly to exhaustion of the exchange 
equipment. Fortunately, the opening of a new Sorting Office 
ind consequent postal staff rearrangements enabled the old 
xchange switchroom and apparatus room in the H.P.O. to 
be extended by minor st tural alterations. It was decided to 
stall a rehef exchang f twelve C.B.10 positions equipped 
with 2,000 multipk lling equipments, and 160 outgoing 
inction multiple I oid transfer working between the old 
ind relief exchanges for incoming junction calls, separate 
unction routes were provided and the relief exchange was giver 
the name of St. Hilda 
The installation ofaC.B lo ein itself 1s not unusua 
ut St. Hilda ts th far to be installed 
lirect labour 


Ik. ¢ 


EXPLOSION AND CABLE BURN-OUT AT BRADFORD 

Following a senes of explosions in Leeds Road, Bradford, at 
ibout 8 p.m. on January 22nd, 1952, the cover was blown 
ft a manhole from which flames three feet high belched out 
Most of the windows in nearby hotel were blown out 
but fortunately no or hurt Men from the Yorkshire 
Electricity Board and wth Eastern Gas Board worked 
throughout the night ’ ough a broken 2-inch gas pipe 
t until 9.30 a.m. that the position 
f the burn-out of the trolley-bus feeder cable was found 
The adjacent Post Office manholes 
first tested clear of gas but on pumping out water to below 


vas soon discovered it was n 
opened at the outset, at 


the duct entries heavy concentrations of gas were encountered 
Motor driven blowers were used to clear the air 
At the point of the burn-out, the heat had reduced the P.O 
t-way multiple duct to powder and the cables in it had melted 
way In the ntre-manhole and at two adjacent manholes 
ead was melted off all the cables near the duct mouth. On 
itting the cables a check showed that the damage was con 
fined to two length Eight damaged 3-way ducts were exca 
ited and renewed Despite frost and snow, cables were 
ted from Birmingham by Area transport and delivered 
) maintain smooth and rapid restoration work 
rner cables were jleted after 18 hours restoration 
2 I Restoration of the 
emergency circuit being given 


te in time t 
, 
explosion 


m the first day by drawing-in 
ig out an interception 


|. Mel 


North Western Region 


CARLISLE EXCHANGI 


f December saw the 


EXTENSION 
completion of the largest 
ial extension ever undertaken in the Lancaster Area 
extension f Carlisle manual exchange as originally 
” carried out by the Area staff, but subse 
juently arrangements were made for the Factories staff to do 
rk under the supervision of a Clerk of Works from the 
mpletion of this extension the exchange 
epara ( B.10 suites with common sub 





Scribe and t ana 
comprised 12 \ posit 
position, and the relef suite 
The extension catered for 

B positions 
the trunk and 
existing suites. In addition t 
an additional 1500subscribers 
numbering range available 
0-4299. All B 
been converted t 
of calls from these 
numbering range 
suite have been m 
to the S.F.] positto 

A suites The 

B positions were 
necessary in order t 
when extended for trut 

If at Carlisle th 

using a B" cord circuit 
to the distant U.A.X. were 
there would continue to stey 
eventually the selectors at tl 


with the 


centre 


r 


junction mul 


The equipment for these trunk 


installed im the 
To make 
was essential that the 
this necessitated the 
basement and the incory 
the apparatus room. TI 
tural 
arrived 


room for all the 


removal 


moTAt 
1¢ 
aiterations were 
on site. A « 
scribers’ equipment ra 
this extension to the 
included the provisi 
desk re 
all trunk and 
cables between the 
To ensure that intert 
kept to a minimum the 
to be carried out in three 
of special schedules det 
stage, and the order i 
Copies if 
Factories Department 
drawings and diagran 
The extension is notew 
the work, for the introdu 
suites to the new rR 


very ofa 


junct 


these sched 


Midland Region 


FICESITEK KELIEF 
In January 1952 
as Granby, was opened to |] 
cants and various 
A major 


progress and new line 


ubscriber 


subscribers’ und 


ground cable pairs become 
a relief manual exchange i 
was taken in 1946 conseq 
(Central) exchange and 
exchange equipment because 
1947 recovered (.B. N 
became available 
The choice of a building 
fell on the old Nationa 
advantage being taker f 
premises in 1947 I 
the layout of equipment " 
accommodation, and 
obtain a 
through all floors and require 
rearrangement of steel floor r 
iron pipes for leading 
had to be arranged to si 


“nt 


and wa 


mside 


sit the 


new Swi«chroo! 
additi 


apparatu 


if 


MANI 


ircheft manual te 


satisfactory arrangemer! 


undergr 


ae ¢ 
of the 


x 


shifting of tl 


Al 


nsequent 


1 floor 


M_D.F 


+ 


Ir 


at the Leicester A.T.F 





asement rigina 


vy into the cable 


It was originally 


Was 

hamber 

intended that the u would be 

staff. but owing to a shortage of skilled 
mditiot f the recovered equipment 
for the Factones Department to 

switchboards and associated equip- 


power 


stallation 
arnied out by local 
staff, and the poor 
were mad 
renovate and install the 
t and for the L.T.R. Power 
rhe completed equipment 
1ultiple, 3,000 calling equipments, 32 \ 
positions, | filter position, 2 test and plug up 
unequipped positions, 4 monitor positions, | supervisor 
and a 2-position test desk. The junctions have a 6-pan 
pearance and the subscribers’ multiple an 8-panel appearance 
the anticipated additional trunk and 
l 12-position mtrol island suite 
stalled at Leicester exchange 
The ‘ B” positions are equipped with 16 cord circuits and 
lial, and to cater for shared service lines all positions have 


iTrrangements 


section to mstall the 
omprises 3,200 subscriber 
positions, I! 
3 2 dumm 
and 


lo meet junction 


rafhe i sleeve « ha been 


Central 


ersed ringing facilitie 
It should be mentioned 
the distribution point for 


that the Leiwester A.T.F 
cabling purposes and all Granby 
traffic is routed there via tie cables. Although Granby has 
facilities for testing, the maintenance control centre is housed 
ind a modified fault-reporting procedure 


remains 


has been adopted 

Thanks are due to the engineering officers at Kegional and 
National Headquarters as well as to the staff of the Factories 
Department concerned and to local traffic and engineering 
taffs for the tluable help and assistance aflorded throughout 


HOLE BORER 
post-hole boring 
tractor 


FERGUSON POSIT 
market a 
normal 


FIELD TRIAL OF 

The Ferguson Tractor tirn 
attachment for fitting to ther 
The attachment was originally introduced to assist farmers in 


agncultural 
erection of fences and augers were made to drill two sizes of 
ie, namely 9-inch diameter and 12-inch diameter 
It seemed possible that the 12-inch auger might be useful 
the erection of poles, and when a suitable scheme matured 
in the Nottingham Area, a Departmental tractor fitted with a 
12-inch auger capable of boring to a depth of 3 ft. was borrowed 
from the Coventry Area, in which Area, incidentally, the 
tractor had been used extensively for cable laving by the mole 
method attachment for this 


purpose 


lrain having a special winch 
\ new exchange area named Great Cubley has recently beet 
pened in the south-western part of the Nottingham Area, and 
the external plant lay-out entailed the provision of 
miles of overhead route, mainly for aerial cable. Approximately 
400 poles have been erected with many associated struts and 
stays The along country lanes, mostly rather 
narrow, and several portions of the aerial cable routes were 
erected in grass land on the field side of the hedges. When the 
work first started the weather was good and the machine was 
found to be a great help for poling. The holes 


many 


routes were 


were not quite 
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HOLE Borer HMEN 


enough, but were generally easily made deeper, party 

as the majority of the poles were in the light class 

ay holes were also commenced by boring a series of hole 
loosening the top soil for a depth of 3 ft It was found that 
the machine would not bore in wet clay or in ground where 
The auger has no down 
ward pressure except its own weight, and pulls itself into the 


there was a number of large stones 
soil by its rotation. When the soil was not suitable the auger 
would not bore into the ground but just rotated at the parti 
cular depth at which the conditions prevented further travel 
Generally speaking, however, the borings were quite suc essful 
ind there 1s no doubt that the verhead constructi 
pared a lot of manual labour 


n stafl were 


H. I 


South-Western Region 
FLYING ENTERPRISI 
[here wil be few pe pie in this country 
acquainted with the story of the Fiying Ente 
American steamer which in the severe Atlant 
the last few days of 1951 developed a list of 60 
sank on 10th January, 1952, a few miles off Li 
quite certain that the Post Office staff in the 
port of Falmouth will not quickly forget t! 
the early days of January, when the to 
Press men from all over the British ! 
BW and representatives of new 
n other untries 
Neither must the Post 
e forgotter thi tation 
assisting in the rescue, and by 
entre for the BLK 
teleph me cal Xe 


s informat 


rdings were 


van over the radio link with tl 
Keith ind the tr Lurme 
heard in the news bulletins 
from the 


ough the Wil 


Flying | 


visited the statir 
of the incident 
While preparati ; 
two ships, Falm 
picture transmission 
arrived at Faln it! 
dation was provided in the a 
and in the basement for the 
On 7th January, 1952, tw 
arrived, and six more the foll 
almost continuously throughout 
Thursday By Wednesday, the invasior 
there were some 300 reporters, photogray 
men representing newspapers and rad: 
of the world. Call offices and street kios 
to carry the traffic and subscribers 
private telephones to the Press 
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not possible at this stage t 
apparatus is likely to be appreciated 
trend is thought t 


tered in setting 


sinking of the Flying Enterprise, the 
Captain ompanion arrived in Falmouth on Friday 
bith Januar 1952, and telephone and telegraph trathe and 
picture transmissions were again very heavy picture tra ffx 
heing cont ed up to nearly midnight 


Following the 


and his 


P. 5 


Welsh and Border Counties Region 


ARTIFICIAL TRAFFIC EQUIPMENT’ AT SWANSEA 
SIEMENS 16) EXCHANGE 
This exch e was opened in 1924 and although there have 
been several extensions since that time, by far the greater 
proportion of the present switching apparatus is that installed 
Naturally the wear and tear over 28 years, 
coupled with the disturbance of cables, wiring, etc., during 
extensions, has increased the fault liability of the equipment 
Furthermore, the obsolete pattern switches and pip-and-plate 
relay contacts used on the bulk of the equipment have added 
to the difficulties of maintaining a high standard of service 
lo augment the normal routine testers and supplement the 
Service Observation results an “‘ Artificial Trafic Equipment.’’® 
was installed and brought into use in July, 1951. Briefly, this 
equipment was developed with two objects in view 
a) to determine by artificia! traffic the overall performance 
of the exchange plant 
to provide a ready means of tracing “ lost calls to 
discover the weak spots in the exchange 
The mode! in use at Swansea was constructed and wired 
locally to an E-in-C’s Telephone Branch design. It is arranged 
to pass a sequence of calls automatically from 24 selected 
calling equipments (Ist preselectors) to 25 selected spare final 
elector multiple numbers, in a complete cycle of 600 calls 
Since the introduction of the Artificial Traffic Equipment 
many faults—some of an elusive nature-——have been located 
and cleared and as a result the standard of service has improved 
to such an extent that the equipment is considered by the 
exchange staff, to be an essential maintenance aid, especially 
as bank multiples, T.D.F. gradings and cabling are checked 
Che equipment is in use during the five normal working days 
of the week. On Fridays it is used under “' Observe Service”’ 
onditions whereby faults encountered are only recorded ; 
m the other four days it is used under “‘ Faulting Service ° 
onditions. Under these conditions the equipment stops when 
1 fault is encountered ; the fault is then localised and cleared 
lo gain maximum benefit it has been necessary to employ 
one T.O full-time attendance to the Artificial Traft« 
Equipment 
The illustration shows the overall 


at the opening 


improvement the 


WOVE 


Kare. July-Nov. 1951 


Observe . It te since the equipment was 
ught into use. During this period the percentage of faulty 
alls has fallen from 16 to approximately 4 per cent This 


mprovement is also observed in a reduction of the average 


fault rate in the exchange registered faults 


Due to the number of combinations that can be set up 1° is 
say when the full benefit of the 
However, the present 
amply repay the initial difficulties encoun 


up and staffing the equipment 





Junior Section Notes 


Darlington Centr 


meet re 


jate 


f both the 
Plant and 


It 1s a pleasure to report that our have 
attracted a good average attendance, represent 
external and internal stafts External Telephone 
the Law,”’ interpreted by Mr. W. Dodgson. w well received 
and was followed by a good discussior Weights and 
Measures,”’ by Mr. R. Billings, B.Com., enlightened not a few 
on the wide field of activities covered by the Office 
Engineering Department The tour of the Darling Wire 
Mills conducted by Mr. F. Wright, Works Manage ho 
described the firm's specialised work, proved t very popular 

Our versatile Centre Member, Mr. |} 
his fifth talk and this time his subje 
Cal He impre 
knowledge of these modern ax 
application 

Prior to the 
members without the aid 
could not qualify for the Inst tut 
we submitted two written paper 
by our members, and it ‘v 
official intimation that one of thes« 
V. Northall, had been selected for 
and the Institution Certificate At 
hoped that the presentation of the 
by the C.R.E., Mr. W. I 
Darlington v Middlesbrou 
25th March, 1952 

The Centre 
Centres on the 


ative 


as 


imshaw, gave 
i 
those LS 


is and | 


ators ssed 


future 
1951-52 session talks 


{ written 


AS Ver 


Smith 
gh inter- 
congratulates th 


success of thet 


Middlesbrough Centre 
1951, Mr. W. J. ¢ 
Repeater Station | 


ore fi exn il one 
were Tully Kp , OF ( 


On 15th November 
informative talk on 
matic change-over arrangements 
realised that the efficient telephone service 
did not depend solely on transmissi 
members of the tearn play their part 
Mr. E. A. Clark's talk entitled ‘‘ Photograp! 
given on 13th December, 1951, catered for bott 
professional, and was greatly appreciated 
After viewing about one hundred projected Ic 
parencies and slides of various to photography, n 
would realise far they fron OX 
amera 
rhe lecture 
A. ¢ Holmes 
22nd January, 1952, was 
Mr. Holmes dealt with his subject in an able manner 
Standard Telephones and Cables’ film showing th 
of the London-Birmingham ble  v greatly 
appreciated 
Modern Industrial Lighting 
l4th February, 1952, was certainly nil 
again gave us some idea of the ther 
aspect was perhaps more striking bec: 
Exchange Construction and not E.L. & P 
in the Department will see some brighter 
only for walls but for apparatus and machu 
efficiency of illumination 1s obtained 
Before the meeting the 
Costello) asked the audience stand f 
- tribute to our late King George VI 


mn 1 auto me al 
General 
and 


us audience 


amate if 
} 
ured trans 
aids any 


how could progress 
stage 

Fundamentals of Telephone Cabl 

A.M.1.E.E Liaiso 

both l and teresting 


The 
ture 


Mr Regional 


education: 


anu fac 


television a € 


closed Chaiurt 


to 


Gloucester Centre 
1951 


vitatior 
rembers of the a 


19th 
previous and intending m 
presence was requested at a meeting 
possibility of holding a series of lectures for 
As a result of a most successful meetin 
for 1951-52 Chairman 
A. B. Coole; Assistant 
P. Noctor; Commiutiee 
Pople, L. Rea, C. Mors 


On September an 


t I iowilng oft > { 


Mr 


were elected 
Secretary, Mr 
Treasurer, Mr 
E. Harrison, K 


Se 


ar 


urrangements have been made to h 
s and he 


the e 


to the publi E 


I H 
lecture by 
illustrated with slides and diagrams 
discussed the project from the point of view of his Department 
cording 
tions provided great interest 
a disguise 
which was effectively 
Paper Mills 
Mr 


ability 
Sales Section 


attendance 


R 
V 


Ne 


Che Commuttee quickly shouldered their responsibilities and 


in a remarkably short time produced the following programme 


Mr. F_H. Jeynes 


Prevention 


October, 1951 
November, 1951 
better than Cure 
December, 1951 
Hoare 
January 
W. Moseley 
February, 1952 
a U.A.X. 13X 
March, 1952 
lr. H. McDonald 


Following the issue 


Speech Transmission 
Subscribers’ Faults 
Mr. J. Cox 
‘An Outline t 


is 
»Carner Telephony Mr 
R 
Area Mr 


1952 


M.B.E 


“Organisation of a Telephone 
Transfer of a C.B.S. Manual Exchange 
Mr. A. B. Coole 

Some Aspects of Statt Relationships Mr 

Bath Centre 

and it is 


" 
Luu 


the 
Wuiz 


from 
id a 
yped to provide a pleasant evening's entertainment to 


a challenge 


of 


members and visitors who attend this trial of brains and wit 


in hand for a number of visits during 
the local industries 
A.B ¢ 


Arrangements are also 


arly spring and summer to major 


Cambridge Centre 


ogramme for the second half of the 


The pr 


follows ‘ 


January 9th Visit to Goods Control Room and Signal 
ling Systems at Cambridge Railway Station 
February 4th.—-Lecture Some Aspects 
Development Messrs. H. W. Haworth & 
February 2lst.—-Visit to Hammond Electru 
George's Church, Cambridge 
April 8th.—-Scientific Interest Film Show by ¢ 
followed by Annual General Meeting 
looking forward to an even more suc« 
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of External 
R. M. Jones 
Organ at St 


by 


O.1. Film 
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essful session 
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Canterbury Centre 

At the 1951 A.G.M. the Committee 
hairman, Mr. V. Dungey 

West ; Committee Member 

W. Marsh and A. G. Lee 

The 1951-52 session commenced 30th 

Mr. B. Winch. His subject was 
Mr 


ted a 
ind lveasurer 


B 


was ele 
Mr. G 
Fletcher 


Secretary 


Messrs. 5. ( ripps 
October, with a 
Call Queueing 
Cox of the L.T.D 


on 


Mr. W Tape Re 


demonstra 


Seymour described the technique of 
at the November meeting Practical 
The title of the December talk given by Mr. A. G. Robins 
aused many speculations Holes in the Road 

for the Public Utilities Street Works 
translated into basic English 
1952, 28 members paid a visit to Chartham 
an instructive and 


was in fact 
Act 1950 


On 10th January 
Despite inclement weather 
njoyable afternoon ensued 
he Function of the Sales Section 
W. J. Gallup on 23rd January 
a salesman by convincing 
is really necessary 
The remaining programme for this session was 
19th February, 1952 Cable Balancing Mr. V 
18th March, 1952 Main Cables Mr. R. Kent 
22nd April, 1952.—-Annual General Meeting 


was the subject of 
1952. He proved his 


as the members that the 


Dungey 


A visit to a Kent coal mine is being arranged 


the average 


Ww 


There are 60 members in the Canterbury Centre 
at meetings being 38 G. 1 


Maidstone Centre 
The officers elected for the 1951-52 session were 
hawman, G. T. Cheeseman; Secretary, C. Tame; 
W. Wallond. Committee : Messrs. P. Lager, J. A 
Bryant, L. A. S. Barham 
Upon the promotion of Mr 
hairman were taken up by 


as follows 
Treasurer 
Burrows 


the duties of the 
Barham on 12th 


Cheeseman 
_. is ee 
yverm Der 
rhe programme for the session was as indicated below 
8th October Recruitment of Staff F. C. Haliburton 
12th November Jet Engines.”’—-F/Lt. Saywell 
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enough, but were generally easily made deeper, parti 
ly as the majority of the poles were in the light class 

Stay holes were also commenced by boring a series of hole 
mening the top soul for a depth of 3 ft It was found that 
machine would not bore in wet clay or in ground where 
i number of large stones. The auger has no down 
ward pressure except its own weight, and pulls itself into the 
soil by its rotation. When the soil was not suitable the auger 
would not bore into the ground but just rotated at the part 
cular depth at which the conditions prevented further travel 
Generally speaking, however, the borings were quite successful 
doubt that the overhead construct: 


mred a lot of manual labour 


ind there isn n staff were 


South-Western Region 
FLYING ENTERPRISI 
[here will be few people in this country 
acquainted with the storw of the Flying En | 
American steamer which in the severe Atlantic gale 
the last few days of 1951 developed a list of 60 nd eventually 
sank on 10th January, 1952, a few miles off Land's End. It 
quite certain that the Post Office staff in the West 
port of Falmouth will not quickly forget the activi 
the early days of January, when the town 
Press men from all over the Brntish ! I 
BBA and representatives of I 
n other 


‘ 
Neither 1 


during 


untrie 

ist the Po 
be forgotter thu t 
the rescue, and by 2nd January, 1952, it was the 


and radi 


tation was the 1 n link w 


assisting 
centre for the BBC's informati 
telephone call 
van over the radio link with 
Keith ind the tug 
heard in the new ! 
from the Flying Enterprise 
through th Willard 
visited the statior 

f the incident 

Whil preparation 


tw ships Falmoutt 


rdings were 


picture transmission \s 
irrived at Falmouth on 4th Januar, 
lation was provided in the apparatus r 
and in the basement for the purpx 
On 7th January 1952. tw 

ved, and six more the follow: 
" nuously he 
Thursday By Wednesday, the invasion 
there were some 300 reporters, photogr: 
men representing newspapers and radi 
f the world. Call offices and street ki 
t arry the traffic and 
private telephones t the Pres 


’ ‘ the } ’ 
} trhiroug it 


ubscr bers 
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oll inking of the Flying Enterprise, the 
Captain and |} ompanion arrived in Falmouth on Friday 
Lith Januar 1952, and telephone and telegraph traffic and 


ntinued u neariy 


picture transmissions were again very heavy, picture traffic 


midnight 
PI 


Welsh and Border Counties Region 
IC TAL TRAFFIC EQUIPMENT” AT SWANSEA 
SIEMENS 16) EXCHANGE 
as opened in 1924 and although there have 
several extensions since that time, by far the greater 
present switching apparatus is that installed 
at the opening Naturally the wear and tear over 28 years, 
oupled with the disturbance of cables, wiring, etc., during 
extensions, has increased the fault lability of the equipment 
Furthermore. the bsolete pattern switches and pip and-plate 
relay contacts used on the bulk of the equipment have added 
to the difficulties of maintaining a high standard of service 
lo augment the normal routine testers and supplement the 
service Observation results an Artificial Traffic Equipment _ 
was installed and brought into use in July, 1951. Briefly, this 
equipment was developed with two objects in view 
a) to determine by artificial traffic the overall performance 
f the exchange plant 
to provide a ready means of tracing “ lost calls to 
discover the weak spots in the exchange 
The model in use at Swansea was constructed and wired 
«ally to an E-in-C’s Telephone Branch design. It is arranged 
to pass a sequence of calls automatically from 24 selected 
alling equipments (Ist preselectors) to 25 selected spare final 
elector multiple numbers, in a complete cycle of 600 calls 
Artificial Traffic Equipment 
nany faults—some of an elusive nature-—have been located 
and cleared and as a result the standard of service has improved 
to such an extent that the equipment is considered by the 
exchange staff, to be an essential maintenance aid, especially 
ss bank multiples, T.D.F. gradings and cabling are checked 
Che equipment is in use during the five normal working days 
of the week. On Fridays it is used under ‘* Observe Service’’ 
mditions whereby faults encountered are only recorded 
m the other four days it used under ‘' Faulting Service ' 
ynditions. Under these conditions the equipment stops when 
i fault is encountered ; the fault is then localised and cleared 
To gain maximum benefit it has been necessary to employ 
me T.O. on full-time attendance to the Artificial Trafty 
Equipment 


The illustrati 


proportion of ti 


Since the introduction of the 


improvement the 


Julv-Nov. 1951 


ince the equipment was 
ught inte ing period the percentage of faulty 
has fallen from © approximately 4 per cent. This 
a reduction of the average 
ristered faults 

Due to the number ymbinations that can be set up if 1s 
1ot possible at this st: say when the full benefit of the 
apparatus is likely to be appreciated. However, the present 
ight to amply repay the initial difficulties enconn 
te red in setting uf and staffing the equipment 


JOserve eT’ auit I s 


vement 1S ais »bserved in 


rate in the exchang 


trend is thor 





Junior Section Notes 


Darlington Centre 

It is a pleasure to report that our meetin late have 
attracted a good average attendance, representative of both the 
externa! and internal stafis External Telephone Plant and 
the Law,” interpreted by Mr. W. Dodgson, was well received 
and was followed by a good discussion ights and 
Measures,’’ by Mr. R. Billings, B.Com., enlightened not a few 
on the wide field of activities covered by the Post (fice 
Engineering Department The tour of the rlington Ware 
Mills conducted by Mr. F. Wright, Works anags who 
described the firm's specialised work, proved t very popular 

Our versatile Centre Member, Mr. E. O. M rimshaw, gave 
his fifth talk and this time his subject was ! rs and 
Calculators He impressed those wh atte ( wit his 
knowledge of these modern aids and his forecast of t r future 
application 

Prior to the 1951-52 session talks 
members without the aid of written 
could not qualify for the Institution competitior wever 
we submitted two written papers « rin 
by our members, and it vas very ¢ 
official intimation that one of thes 
V. Northall, had been selected f 
and the Institution Certificate At 
hoped that the presentation of the 
by the C.R.E., Mr. W. F. Smith 
Darlington v Middlesbrough inter-Centr 
25th March, 1952 

The Centre congratulates the Batt 
Centres on the success of their member 


en by 
therefore 


Middlesbrough Centre 
1951, Mr. W. J. Co 


Repeater Station | 


On 15th November 
informative talk on 
matic change-over arrangements were fully 
realised that the efficient telephone service 
did not depend solely on transmission 
members of the team play their part 

Mr. E. A. Clark's talk entitled ‘* Photography in Gen 
given on 13th December, 1951 amateur and 
professional, and was greatly appreciate 
After viewing about one hundred projex 
parencies and slides of various aids to 
would realise how far they could progres 
camerfa stage 

The lecture “‘ Fundamentals of Telephone Cable 

A. C. Holmes, A.M.L.E.E 
January, 1952, was both educational and teresting 
Holmes dealt with his subject in an able manner The 
Standard Telephones and Cables’ film showing the manufacture 
of the London-Birmingham greatly 
appreciated 

‘Modern Industrial Lighting given by r. H. Carr, on 
14th February, 1952, was certainly and once 
again gave us some idea of the “ other man’s job This 
aspect was perhaps more striking 1S¢ r. Carr is 
Exchange Construction and not E.L. & rh Perhaps we 
in the Department will see some brighter schemes not 
only for walls but for apparatus and machines too, so that full 
efficiency of illumination is obtained 

Before the meeting closed, the Chairm 
Costello) asked the audience to stand for 
tribute to our late King George VI 


catered for 


Regional Liaiso 


television cabl was 


Gloucester Centre 

On 19th September, 1951, an 
previous and intending members of the 
presence was requested at a meeting 
possibility of holding a series of lectures for the 

As a result of a most successful meeting the 
were elected for 1951-52 Chairman, Mr 
Secretary, Mr. A. B. Coole Assistant Secret 
Treasurer, Mr. P. Noctor; Commutiee 
E. Harrison, K. Pople, L. Rea, C. Morgar 


Che Commuttee quickly shouldered their responsibilities and 
in a remarkably short time produced the following programme 
October, 1951 Speech Transmission Mr. F.H. Jeynes 
November, 1951 Subscribers’ Faults—-Prevention is 
better than Cure Mr. |. Cox 
December, 1951 ‘An Outline toCarriet 
R. Hoare 
January, 1952 
W. Moseley, M.B.E 
February, 1952 Transfer of a C.B.S. Manual Exchange 
»a U.A.X. 13X Mr. A. B. Coole 
March, 1952 Some Aspects of Statt Relationships Mr 
lr. H. McDonald 
Following the issue of a challenge from the Bath Centr 
arrangements have been made to hold a “ Quiz and it is 
hoped to provide a pleasant evening's entertainment to all 
members and visitors who attend this trial of brains and wit 
Arrangements are also in hand for a number of visits during 
ummer to the major local industries 
A. B. < 


Telephony Mr 


“Orgamsation of a Telephone Area Mr 


the early spring and 


Cambridge Centre 
The programme for the second half of the ses 
follows 
January 9th Visit to Goods Control Room and Signal 
ling Systems at Cambridge Railway Station 
February 4th Lecture Some Aspects of External 
Development,’’ by Messrs, H. W. Haworth & RK. M. Jones 
February 2Ist.—-Visit to Hammond Electric Organ at St 
George's Church, Cambridge 
April 8th.—-Scientific Interest Film Show by C.O.I. Film 
Ur.it followed by Annual General Meeting 
We are looking forward to an even more suc« 
1952 53 1 PW 


I 


essful sessior 


Canterbury Centre 

At the 1951 A.G.M. the Committee was elected as f."' 
Chairman, Mr. V. Dungey Secretary and Treasurer, Mr. G 
E. West; Commuttee Member Messrs. 5. Cripps, B. Fletcher 
H. W. Marsh and A. G. Lee 

The 1951-52 session commenced on 30th October, with a 
lecture by Mr. B. Winch. His subject was “ Call Queueing 
illustrated with slides and diagrams. Mr. Cox of the I.T.D 
discussed the project from the point of view of his Department 

Mr. W. Seymour described the technique of Tape Re 
cording at the November meeting Practical demonstra 
tions provided great interest 

The title of the December talk given by Mr. A. G. Robins 
aused many speculations Holes in the Road " was in fact 
a disguise for the Public Utilities Street Works Act, 1950 
which was effectively translated into basic English 

On 10th January, 1952, 28 members paid a visit to Chartham 
Paper Mills. Despite inclement weather an instructive and 
enjoyable afternoon ensued 

rhe Function of the Sales Section was the subject of 
Mr. W. J. Gallup on 23rd January, 1952. He proved his 
ability as a salesman by convincing the members that the 
Sales Section is really necessary 

The remaining programme for this session was 

19th February, 1952 Cable Balancing Mr. V. Dungey 

18th March, 1952 Main Cables Mr. R. Kent 

22nd April, 1952..-Annual General Meeting 
A visit to a Kent coal mine is being arranged 

There are 60 members tn the Canterbury Centre, the average 
attendance at meetings being 38 G. E. W 


Maidstone Centre 


Che officers elected for the 1951-52 session were as follows 
hawman, G. T. Cheeseman; Secretary, C. Tame; Treasurer 
R. W. Wallond. Committee : Messrs. P. Lager, J]. A. Burrows 
V. Bryant, L. A. S. Barham 

Upon the promotion of Mr. Cheeseman the duties of the 
Chairman were taken up by Mr. L. A. S. Barham on 12th 
November 

The programme for the session was as indicated below 

8th October Recruitment of Staff.’"—-F. C. Haliburton 

12th November Jet Engines.’ F/Lt. Saywell 
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10th December The Provesior 


munication for the Invasion of 
Calveley, O. BI 

14th January The Public Utilite 
A (,. Kobtine 

bith Februar Valve 
Edison Swan Electric Co 

lith March Stage Lighting A ppleber Strar 
Electric & Engineering Co 
7th April 2,000-type Selector |. |. Waters 
lhe attendance at meetings has been a little below the usua 


Manufacture Haig! 


standard but the papers given have been well presented and 
have encouraged useful and informative discuss: It is the 
desire of the Centre to make its activities as interesting as 
possible but thm cannot be done without the active 
f its members. It is therefore up to each one t 
worthy of its cor 


support 
itmeost to ensure that the Centre is 
with the Jumior Section 

The continuing goodwill of the 
W. H. Scarborough, and the active co-operation of the Area 
Engineers. Messrs. A. G Kobins and F., ¢ Haliburton, have 
lone much to keep the Centre on the map. The frequent 

ence of Senior Section members at meetings 1s a sourc: 
cordially invited at all time 


lelephone Manager, M 


{ great satisfaction, for they are 


Isle of Wight Centre 


Hy the tinre these notes appear, the Isk 
will be nearing the end of the second sess 
formation in 1950 
The Centre has heard an interesting senes of talks, and u 
addition has taken part in three Quiz contests, two wit! 
the Portsmouth Centre and one with the Chichester Centre 
Visits have been made to Saunders. Roe aircraft works at 
flying boats are under 


Princess 
Pirelh General Cable Works a 


Cowes, where the giant 
construction und to the 
Fastlengh 
A visit t o Oh) Kettnery at kaw ' wing arranged 
( . 


Tunbridge Wells Centre 


I he Kado and Television Grou, 

memberstup of 22 The activitu 
National Radio Show and two excellent 
Stabilised Power Supple 
onstruction of a Straight Keceiver 
Work in organising the group has bec 
w have the use of a first-clas 
Future activities are bilm show 
cture on the Basic Superhet Receiver 


member on 
worksh 


Ive Superhet Receiver 


Bishop's Stortford Centre 
very interesting and varied programme F as 
wed by the Bishop's Stortford Centre during the 1951-52 


ession Much interest has been taken in the meetings and 


} heer 


attendances have been good, despite some inclement weather 
The first meeting was held on ISth September, when a film 
show by the C.O.1. was given This was followed, the same 
evening, by an extremely interesting talk on Au Na atior 
verv ably given by Mr’ G. F, Dann The following month a 
demonstration of the Jomnting and Testing { 
was given by Messrs. A. Stanley and R. Fuller 


practical 
oaxrl Cable 
Chis proved of great interest to those of our men 
employed on internal duties The demons ion was fol 
lowed. the same evening, by a talk on Var is Methods of 
mven by Mr 


bers normally 


Fault Localisation on Underground Cables 
(. Wyer 

On l4th November a paper on 
read by Mr. F. Frecknall This talk was extremely valuable 
nasmuch as it was followed, at a later date in November, by 
Signalling Training School of the L.P.T.B 


Railway Signalling was 


a visit to the 
situated at Farls Court Stati \ verv enjiovable evening 


was spent here No talks were given during the month of 
December, but an interesting film show was given, on 5th 
December, by the C.O.I 

Ihe opening of the New Year saw a slight re-arrangement 
# our programme for the month of January Instead of a 
paper on “ Simple Radio Circuits,’’ which was to have been 
given by Mr. J]. Poole, Mr. J. A. Day, A.M.LG.E. of the 
Bishop's Stortford Gas Works gave the membership an inter- 
sting talk on the production of gas and the by-products of 
attended were very surprised at the large 
number of derivatives from coal, and the thousand-and-one 
ipplications they have in modern industry. The talk was 
followed on 22nd January by a visit to the Gas Works at 
tishop’s Stortford The tour was conducted by Mr. Day, 
who went to great pains in showing the various processes the 
oal gas went through before reaching the consumers’ premises. 
Radio Circuits is to be given by Mr. Poole 


oal Those wh 


The paper 

it a later date 
During March a paper or Trunk Mechanisation " was 

read by Mr. A. |. Thompson, followed on 9th April by a talk 

”y Mr. R. Eves on The Survey and Provision of Local 


Lines > a 


Guildford Centre 


The opportunity to travel and see, if not the world, some 
thing of what goes on in industry is one of the advantages of 
Jumor Section membership 

The active co-operation of the Area Engineer and his super 

ising staff is essential in working out the details which make 
ill the difference between a going concern and a “ dead-and 
alive ’' outfit, for nothing is so deadening to individualism as 
the cold official toe-the-line attitude 

We in Guildford count ourselves very fortunate in our Area 
Engineer, Mr. H. M. Wells, A.M.I.E.E., who has given us every 
onsideration and very active help. We could not have pur 
hased our 16-mm sound film projector without his aid, neither 
ould our extensive factory-visit programme have been so 
successful. During the past twelve months seventeen visits 
have been made which have provided 392 member-visits 

An outing for members and their wives to the South Bank 
Exhibition in June was well attended and a tiring day was 
had by all 

The lecture: lave red photographic research, power 
tation remote ntrol promotio!l and appraisements, the 
ubmerged repeaters and 01 fining, with an average attend 
e of 25, which « vad considering the usual winter 


unter attractio: 
Our ciné equipment has been used for twelve shows during 
ir winter ! n subjects ranging from shipbuilding 
ind glass manufacture, to oi! refining and supersonic flight 
Phe factory iave covered the manufacture of electric 
amps, television and gramophones, radio valves, liquid air, 
tor cars and tractors, the mass production of furniture and 
foodstuffs, cigarette vulcanised fibre. and steam packings 
We have also lo over Broadcasting House, Cable and 
Wireless, Tate | Sugar Refinery, and seen the pro 
luction and printing Illustrated at Odhams (Watford) 
ltd 
Pirelli-General have iown us the complete manufacture of 
telephone and very hig! cables, from the copper ingot 
to the finished article, in their Eastleigh factory and the pro 
duction of E.l ables, flex, and plastic covered wires m 
Southamptor The Anglo American Oil Co., Ltd., invited us 
to their new refinery at Fawley and our tlm shows dealing 
with oil refining were a great help in understanding the complex 


voltage 


business at the actual plant 

Newsprint production was seen at the mull of Bowaters 
Lioyd Ltd., at Sittingbourne and what a fine organisation they 
have to convert trees into newspaper 

The goodwill and hospitality shown to us by all these 
business firms has been very gratifying and it is a matter for 
some regret that all we have been able to do in return has 

na bread-and-butter " thank you " letter and a Christmas 

showing the Town Clock L.G. W 





Staff Changes 


Promotions 





Name 


Brock, I 
Merrima 
Barker 


cle prone 


Knight. N 


Mathews 
Hafek 
K r 


Date Name 


4sst. Lugr. to Exec. Engr 
jarman, K. A 

Marks, T. A 

lacobs, G 

McLean 

ntchhel 


Region 


continued 
L.T. Keg 
H.C. Reg 
SW. Ree 
LP. Reg 
NW. Ree 





Retirements 








Transfers 





Name 


isst. Engr continued 
Marchant ( 
K B 








Resignations 





Name 


Region 


{sst. Engr 

Millidge, N ¢ H.C Keg 
Harnes, KR V HC Keg 
jones, kK W W._ B.C. Reg 


Region 








Region 


Mid Keg 
L.T Reg 





LER 


Promotions 





Vame Region Date 


bh an-C.O to LP. Ke 
E..in-CO toL.P_R 


Name Region 


C.0. to E.O 
Dame,C S.D 


comliintued 
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“THE LONDON-BIRMINGHAM COAXIAL CABLE SYSTEM.”—A. H. Mumrorp, B.Sc.(Eng.), A.M.LE.E. 

1937. 

“PROPERTIES AND TESTING OF DIELECTRIC MATERIALS.”—J. F. Doust and W. J. Sutston, M.Sc., 

A.lnst.P. 1936. 

“CHEMISTRY AND COMMIL NICATIONS® D. W. Grover, M.Sc., A.C. 1937. 

“CROSSTALK.” —H. C. S. Hayes, A.M.1.E.E. R. A. Seymour and P. R. Bray, M.Sc.(Eng.), Grad.1.E.E. 1938. 

“AUDIO-FREQUENCY RIPPLE FROM D.C. POWER SUPPLIES IN COMMUNICATION ENGINEERING.” 
—H. R. Harsortie, B.Sc., D.F.H., M.1.E.E., J.A. SHeprarp, B.Sc., A.M.1.E.E., and D. L. Ricnarps, B.Sc. 1939. 

“METALLURGY AND COMMUNICATIONS.” —E. V. Waker, B.Sc. A.R.S.M. 1940. 

“RECENT APPLICATIONS OF THE QUARTZ AND X-RAY SPECTROGRAPHS TO POST OFFICE 

PROBLEMS.”—R. Tayitor, M.A., Ph.D., B.Sc. 1941. 

“LONG DISTANCE D.C. IMPULSING.”—S. Weicn, M.Sc.(Eng.), and C. H. J. Fireerwoop, 1942, 

“INTRODUCTION OF U.A.X. MULTI-METERING IN THE LEEDS AREA.”—H. G. Cope. 1941, 

“LONDON INLAND TRUNK SERVICES.”—W. H. ScarsporouGcn, A.M.L.E.E. 1943. 

“THE FUNDAMENTALS OF DIRECT CURRENT IMPULSING IN MULTI-EXCHANGE AREAS.” 

S. Wetcu, M.Sc.(Eng.), A.M.LE.E 1944 

“TELEPHONE SERVICE OBSERVATIONS.”—J. J. Perxins A.M.LE.E. 1945. 

“CABLING PROBLEMS IN SUBWAYS AND TUNNELS.”—T. G. Turtey, A.M.LE.E. 1945. 

“DEVELOPMENT OF TELEGRAPH SWITCHING IN GREAT BRITAIN.”—J. A. S. Martin, A.M.LE.E., 

and J. W. Freesopy Whit. Schol., B.Sc.(Eng.), D.L-C., A.M.LE.E. 1944, 

“WIDEBAND TRANSMISSION OVER COAXIAL CABLES.”—R. A. Brocxsank, Ph.D., B.Sc., A.M..IE.E., 

and C. F. Froyp, M.A., A.M.1.E.f 1946, 

“PIEZO-ELECTRIC QUARTZ AND ITS USE IN TELECOMMUNICATIONS.”—C. F. Boorn, M.I.E.E. 

and J. L. CreiGutron, A.M.1.E.E 1946 

“IMPROVEMENTS IN TELEPHONE SIGNALLING.”—S. Wetcu, M.Sc.(Eng.), A.M.1LE.E., and C. H. J. 

FLeetwoop, A.M.1.E.E. 1949. 

“MAINTENANCE OF MULTI-CHANNEL CARRIER TELEPHONE SYSTEMS.”—F. O. Morrett, B.Sc., 

A.M.LE.E. 1948. 

“THE INTRODUCTION OF AUTOMATIC SWITCHING TO THE INLAND TELEPRINTER NETWORK.” 
H. E. Witcocxson, A.M.1.E.E., and C. W. A. Mitcuett, A.M.I.E.E. 1949. 

“WIRE BROADCASTING.”—F. Howwmcuurst, B.Sc.(Eng.), A.C.G.F.C., M.1.E.E., and W. Pricxert, 

A.M.LE.E. 1949 

“THE POSSIBILITIES OF SUPER-HIGH FREQUENCY RADIO AND WAVEGUIDE SYSTEMS FOR 

TELECOMMUNICATIONS.”—W. J. Bray, M.Sc.(Eng.), A.C.G.L, D.L.C., A.M.LE.E. 1948. 

“INTRODUCTION AND APPLICATION OF TRANSMISSION PERFORMANCE RATINGS TO SUB- 

SCRIBERS’ NETWORKS.”—G. A. E. Fupoe, A.M.LE.E. 1949. 


“SOME APPLICATIONS OF ELECTRONIC METHODS TO TELEGRAPH APPARATUS.”—R. O. Carrer, 
M.Sc.(Eng.), A.M.1L.E.E., and L. K. WHeever, B.Sc.(Eng.), A.M.LE.E. 1949. 


“TRENDS IN THE DESIGN OF LINE TRANSMISSION EQUIPMENT.”—R. J. Hatsey, B.Sc.(Eng.), A.C.G.1., 
D.L.C., M.LE.E. 1949 


t The Council have awarded Institution Medals for these papers. 














= CLIP-ON 
_——?— AMMETERS 


7-Range Clip-on Ammeter Type ‘A’ 
Type A 0-10-25-50-100-250-500-1,000 amps. Write for List 
IN.17A, 





7-Range Clip-on Ammeter Type ‘L’ 
0-10-25-50-100-250-500-1,000 amps. Specially designed 
for use on porcelain-clad fuses and heavy-duty conductors 
up to 4 in. diameter. Write for List IN.17L. 





7-Range Clip-on Volt-Ammeter Type ‘V’ 
0-10-25-100-250-1,000 Amps and 0-150-600 volts. Write 
for List IN.17V. 





A leather case with FERRANTI LTD. 


Shoulder strap can 


be supplied at an HOLLINWoOD ° LANCASHIRE 
extra price. 
London Office: KERN HOUSE, KINGSWAY, W.C.2. 
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TF. 329G Ske s-SOMcs 


Q measurement by Marconi 


Famous for years in the field of communication measurement, 
Marconi Instruments offer TF 329G for determinations in 
frequency range 50 kc/s to 50 Mc/s, and TF 886A for the range 
15-170 Mc/s. While both instruments are primarily designed as 
direct reading Q meters, either may, of course, be employed for 
a variety of indirect measurements — such as the capacitance 
and phase defect of condensers — carried out by the normal 
reasonance methods. In addition, special jigs are available 
for TF 329G for the investigation of dielectrics. 


TFE329G SOkcs-SOMcs 10-SOOQ -450u uF 
TEOBEA 15-170Mcs 60-1200Q 12-88uuF 


Vay we send you our 44-page booklet “ Measurements by Q Meter '’? 


MARCONI instruments 


SIGNAL GENERATORS + BRIDGES - VALVE VOLTMETERS 
FREQUENCY STANDARDS + OUTPUT METERS - WAVE METERS 
WAVE ANALYSERS - BEAT FREQUENCY OSCILLATORS 


MARCONI INSTRUMENTS LTO - ST. ALBANS - HERTS + PHONE: ST. ALBANS 6161/7 


Midiand Office: |9 The Parade, Leamington Spa 


Northern Office: 30 Albion Street, Hull Export Office: Marconi House, Strand, London, W.C.2 











The Muirhead-Pametrada Wave Analyser Type D-489 


An Analyser for all 
Waveforms 


Whatever the waveform, the Muirhead-Pametrada Wave Analyser 


can be relied upon to select each component quickly and 
accurately —quickly because the flat-topped variable band- 
width response curve simplifies tuning — accurately because 
the stable resistance - capacitance tuned filter circuit ensures 


constant percentage accuracy at all frequencies. 


Features 
Wide frequency band—19¢/sto2zikc/s Off-peak response proportional to 
in 3 overlapping ranges percentage mistuning 


Frequency accuracy constant over Flat-topped response curve—narrow 
entire range or wide bandwidth selected at will 


Octave discrimination better than Electronically stabilized power 
yodb supplies 


For Full Details Write for Bulletin B - 663 


MUIRHEAD & Co., LTD. 


PRECISION ELECTRIC 


BECKENHAM * 


Phone BEChk« 


PRECISION 


MUIRHEAD 


ELECTRICAL INSTRUMENTS 


AL INSTRUMENT MAKERS 


KENT * ENGLAND 


ams & Cables MUIRHEADS ELMERS-END 
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ATTENUATORS - FADERS - SWITCHES - WIREWOUND POTENTIOMETERS - PLUGS 
AND SOCKETS - WIREWOUND RESISTORS - HIGH STABILITY CARBON RESISTORS 
KNOBS DIALS AND POINTERS - TERMINALS 


“-PAINTON — 
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A MULTI- ELECTRODE Sin ni 
COLD-CATHODE ) Pa | 
COUNTING TUBE 
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computing ..selecting.. < 
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22 LINCOLN’S INN FIELDS, LONDON, W.C2 - Tel. HOLborn 6936 - Works: BEESTON, NOTTS. 








The demand for qualified vechnicians to fill well-paid industrial 
posts grows daily, An E.M.1. course of training 6 your quickest 


way to a key position. Our Home Study courses cover al! 
the subjects listed below. As part of the great EM! Group 
("H.M.V."’, Marconiphone, etc.), we have first-hand knowledge 
of the Technical Training required in modern industry. No 
other college can offer you such a practical background of 
industrial experience 
--POST THIS COUPON — oie 
sTiTUTES Postal Orvisior - 
EM) lOve PARK ROAD, CHISWICK LONDON wa e 
Please send. without obligation. your FREE GROCHUNS 
have marked the subjects which interest me oo hesmanship 
Electrical En rouge 
Q Mechanical Gee O Production Eng Automobile Eng. 
0 Radio 0 Tet e General Cert. of Education (Matr’ 
tor A 
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NAME 
ADORESS cathode triode on the 


- ; 4 octal base. 

fi te i oe iguiag all It may be triggered 
= ’ e 4 rs ' | by a power of only a 

. few microwatts and 


} : i] iT i] if os thus provides a means 








of relay operations 
E.MJ. INSTITUTES — Th ge backed by an Industr ‘ from D.C., A.C., or 


R.F. high impedance 
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RATINGS 


Earthing Principles and Practice Nominal control gap breakdown 75 V 
By R W. Ryder, BE. BS AMILEE This is a useful book 
for all concerned with protective measures. It is a complete Minimum main gap breakdown 200 v 


guide to the theory and practice of earthing, and includes the 


LEE. regulations for earthing in buildings. With 45 illustra 


tone eeicaee Maximum cathode current (continuous) 10 mA 


Maximum cathode current , « Om 
The Practical Engineer 


Pocket Book (Intermittent or pulse) 


Pdited by HP. W. Moore, BSc AC GOL DL A.M Inst. 


A famous pocket book, now in its 64th year containing tect 


nical data, up-to-date articles, etc. Revised edition. Over 750 
pages, and numerous illustrations 12,6 net 
This useful little reference book Engineer & 
. an — THE SCIENTIFI 
Telec tions Principles =a 


By R_N. Renton, M.A.LE.E. Covers the syllabus for the City 
and Guilds examinations in Telecommunications Pr neiples BRITISH = MADE 
Grades |, U ATH Illustrated 37 6 net 
Can be recommended confidently to all students of Telecon GREENHILL CRESCENT, 
munications."’—Post Office Telecommunications Journal HARROW-ON-THE-HILL, MIDDLESEX 


Telephone: HARrow 2655 





PITMAN, Parker Street, Kingsway, London, W« 






































MODEL ANSWERS 


To 


CITY AND GUILDS OF LONDON INSTITUTE EXAMINATIONS 


Students preparing for City and Guilds examinations in Telecommunications will find the Model Answers published in book form 
a useful aid to study. The questions and answers have been extracted from Supplements to the Journal issued during recent years, 
and, after careful revision, have been grouped under headings corresponding with the new syllabuses introduced by the City and 
Guilds in 1947. 


Model Answers to questions which, on account of paper shortage. were unanswered in Supplements issued during the war years 
are also included. 
The following books are available :— 

TELECOMMUNICATIONS (PRINCIPLES) It TELEPHONE EXCHANGE SYSTEMS I! 





TELEGRAPHY | 
(PRICE 2/6 EACH POST FREE, 2'9) 


TELEPHONE EXCHANGE SYSTEMS |! TELEGRAPHY ti 
(PRICE 36 POST FREE, 3/9) 





Orders may be placed with the JOURNAL LOCAL AGENTS or with THE MANAGING EDITOR, POST OFFICE ELECTRICAL 
ENGINEERS’ JOURNAL, ALDER HOUSE. ALDERSGATE STREET, LONDON, E.C.! 
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For Line 
Communications: 


I" THE design of Mullard pot core 

assemblies type 25 (36) full advantage 

| is taken of the characteristics of 

1 T } Ferroxcube to produce inductances of 

| imei rttt remarkably high “Q” factors, which, 

— a TYPICAL ic} VALUES combined with ease of winding, make 

these cores very suitable for use in filter 

. a a D ro networks and wherever high quality 

OUTSTANDING FEATURES inductances are required 

: . Fine adjustment of inductance is 

Low hysteresis coefficient * Self screening obtained by control of the air gap rather 
High values of inductance * Controlled temperature coefficient than by variation of the turns. 

: * Operation over a wide frequency The good screening properties of the 

Low self capacitance range Ferroxcube combined with the conveni- 

* Ease of winding and tapping ent shape of the assembly, which allows 

stacking or individual mounting, are 

features which distinguish these Mullard 

PLEASE WRITE FOR FULL DETAILS cores. 


Mullard FERROXCUBE 


MULLARD LIMITED CENTURY HOUSE SHAFTESBURY AVENUE - LONDON ~- W.0.2 
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Controllable air gap facilitating 
inductance adjustment * Easily mounted 
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AUTOMATIC 
VOLTAGE 
REGULATORS 
by B.P.T. 


Maintaining a constant voltage unaffected ate 


by variation in the supply voltage, frequency, load 


: Top: 3-phase, air cooled, floor mounting (cubicle) model 
and load power factor is a problem which Input 440¥ 10”,,, output 440V 1", 40 amps 


can be solved by the aid of our standard range 
of Automatic Voltage Regulators. For single 
phase operation there are 11 models from 12} to 
240 amps, for three-phase there are 13 
models from 7} to 1§0 amps. Three typical 


models are illustrated from our standard 





range of wall or floor mounting types. 





Left: Single-phase, air cooled, wall mounting model 
Input 250V + 15°, output 290V 4+ 1 25 amps 


Right: 4-phase, air cooled, wall mounting model. Input 
440V + 10",, Output 440V + 1°. 74 amps. 
Please write for further information and hterature 


~ BRITISH POWER TRANSFORMER CO. LTD. 


QUEENSWAY, PONDERS END, MIDDLESEX Phone: HOWard 1492 Grams: ‘Vitrohm Enfield’ 
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GREECE. This picture shows officials of Tele- 
communications Organisation of Greece Ltd., 
using a “Megger’ Insulation and Continuity 
lester, Series 2, during a routine check at a 
telephone exchange in Greece. 


HOLLAND. “Megger” Testers are used by 
the Dutch Post Office. This photograph shows 
Dutch P.O. engineers using a §00 volt Bridge- 
Megger Varley Testing Set to test a faulty line 
of a telephone cable in a polder-dike. 


MEGGER 


fee TEADCE HARK quel 
Megger’' 1s the registered trademark of Evershed & Vignoles Lid 


Telephone: Chiswick 3670 











EVERSHED & VIGNOLES LIMITED 
ACTON LANE WORKS ’ 


Telegrams Megger, Chisk, London 


‘* MEGGER ” 
TESTERS 

SERVE WORLD 
COMMUNICATIONS 


UNITED KINGDOM. 54°, of all faults on 
the 34,000 miles of main underground Post 
Office cables in the United Kingdom are 
located by ““Megger”’ Testers. 


ITALY. The Societa Telefonica Tirrena, 
which operates the telephone lines of Liguria 
(Genoa and the Riviera), Tuscany, Central 
Italy, the Vatican City and the Island of 
Sardinia, uses ““Megger”’ Insulation Testers in 
the maintenance and localisation of faults in 
cables balanced in groups between cities. 


AUSTRALIA. Bridge-Megger Testers prove 
equally valuable to the Post Office down under. 
Instruments equipped with Varley fault locali- 
sation facilities are used extensively by the 
Australian Postmaster-General’s Department 
for the location of faults on underground cables. 
They report that “it is outstanding when used 
to perform this function.” 


ALL OVER THE WORLD the famous series 
of “Megger” Insulation Testers are used by 
public authorities, industrial undertakings and 
commercial enterprises because these instru- 
ments are more accurate, more reliable and 
sturdier in use. 


For full details send for Publication x0§1/1-8. 


CHISWICK LONDON Ww. 4 


Cables: Megger, Londen 
ne 





MARCONI 


serves 


mankind 





MARCONI! 


s 


WIRELESS 


TELEGRAPH 





COMPANY LTD 





Marconi came into a world in which 
communications were adolescent. 
When he left it, the marvels of radio 
were a commonplace. His name 
had achieved immortality; his work 
was established in the service 

of mankind. It is therefore 

no coincidence that the Company 
which he founded should 

supply communication and navigation 
equipment for aircraft like 

the Canberra and Comet, which are 
the most advanced of their class 


in the world. 


CHELMSFORD 





ESSEX 


ae made from DELARON LAMINATED PLASTIC possess insulation properties 


which remain constant within very close limits. Delaron is tough and durable, easy to machine 


and punch and the range includes grades which conform to all Industrial, British Standard and 


Ministry Specifications. Delaron is economical too and is supplied in the widest range of board 


sizes up to 9 x 4. Our Technical Service Department will be glad to talk over your problems, 


or if you will send full details, we will let vou have samples by return 
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Punched electr Electrical terminal strips and variable resiatora for radio 


onatructiw 


DELARON 
LAMINATED PLASTIC BOARD 


THOMAS DE LA RUE & CO. LTD. ( /"lustics Group) 
IMPERIAL HOUS! i; REGENT STREET, LONDON, W.1 Phone: REGent 2901 














ANOTHER STROWGER EXCHANGE 


EE GREEN AUTOMATIC EXCHANGE is one of the 
latest to be commissioned by the British Post 
Office for the London Director network. Direct 
dialling facilities are provided for a maximum 
of 10,000 subscribers to 185 exchanges and 
the majority of the 1,500,000 telephones in the area. 
Whilst uniselectors are used for the subscriber's line equipment the type 32A 
(B.P.O. type 2000) two-motion selector is the selecting mechanism and 
mcorporates in its design all the facilities which many years’ operational 
experience has shown to be necessary; the simple straight-forward step-by-step 
principle of operation characteristic of the Strowger system has been retained 
Termed Dy yr s2A Mark Il this selector to-day embodies all the qualities ot 
progressive development and offers the most suitable basis for automatic 
telephone systems of any size. Its simplicity, economy, reliability, and ease of 
maintenance are the factors of principal appeal to telephone administrations 


in all parts of the world 


Automatic Telephone & Electrie Co. Ltd. 


Export Department “trowger House. Arundel Street. London, W.C.2 


Tebepherne lhMople Bar 9262 Cablegrams: “trowgeres. London Strowger Works. Liv erpool, England 


AT T741-AAIO8 





How automatic is a 


telephone exchange ? 


In operation it is fully automatic, but there’s nothing automatic about 
its maintenance. Only man-hours expended by skilled personnel will guarantee efficient maintenance 


Since the virtues and failings of a telephone system must depend ultimately on the ease or difficulty of maintenance, the 





G.E.C,, after years of research, has re-designed apparatus used in the — — 


Strowger system, to obtain greater reliability, maximum ease of adjustment 


SE50 SELECTOR 


F ace , > re 4 Ww apparent i > new 
ind instant accessibility. The results are now apparent in the ne ACCESSIBILITY — 


ADJUSTMENTS — Independent of each 


G.E.C, two-motion selector, the heavy and light duty uniselectors and the ite tee p 


CONSTRUCTION — Accurate, Simple’ 


trigger dial. All of them can now be maintained with much less skill and s , Unif 


. : OPERATION — Consistent, Reliable 
in much less time than ever before. Combined with the e/ectrical simplicity 
WEAR — Negligible 

exclusive to the Strowger system, these components mean that automatic MOUNTING — Interchangeable with 


British Post Office 
Type 2090 


exchanges manufactured by the G.E.C. are the most valuable investment 


an Administration can make. 
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_..CUTTING COST OF MAINTENANCE 





OF ENGLAND 


CG Hole for datum pin for 
uniformity of adjustment 


throughout the life of the selector 


= & Standard relay-type spring 
: sets, with twin contacts and 
buffer blocks; usual adjustment 


technique 


3) Powerful rotary and *ertical 


magnet units self-contained 
with armature backstops and 
interrupter springs—pre-adjusted 
and tested prior to assembly in the 


selector 


4) Long-life wipers with mini 
mum bounce 


rs) Rigid aluminium-silicon 
frame proportioned and 


shaped for maximum stability and 


resistance to wear during service 


Oo Rigid aluminium-silicon 
frame columns to give uni- 
form stability to the selector as a 


whole 


Full particulars are given in 
Leoflet SEL./ 


THE GENERAL ELECTRIC CO. LTO. OF ENGLAND 
Telephone, Rodio & Television Works - Coventry 








ATE/TMC Type 600 Transmission 


Precision Measurement of Attenuation 


' 


each dadcnindkcndndhdh cundneaee 





[his diagram shows the basic arrangement for 
neasuring the loss of a filter by a comparison method 
4 signal derived from the oscillator is sent into the 


titer and a variable attenuator in parallel. By electronic 





switching the two attenuated signals which result 

are presented as adjacent rectangles of light on the 
screen of the cathode ray tube of the level comparator 
The heights of these rectangles are proportional 

to the amplitudes of the respective signals. The standard 
attenuator, contained in the transmission measuring 


sot, 18 adjusted until the two signals are shown by the com- 














parator to be of equal amplitude. The final attenuator 7" 


setting gives a direct reading of the loss of the filter 


Frequency runs” can be taken in a fraction of the usual UNDER | 


time, by “sweeping” the oscillator frequency 


through the desired range and watching for variations TEST | 
| 
I 


of the signals displayed by the comparator. Fortuitous 




















variations of output of the test oscillator are of no 
consequence since both amplitudes are affected in a ee ee a 
the same way 

The frequency range of the oscillator is 300 ¢ s to 160 
ke s, and when used with the level comparator the 


I.M.S. gives facilities for measurement of loss or gain 











of 70 db, with an accuracy of O0.1db, in circuits of 
600, 140 or 75 ohms impedance 

These three instruments form part of a comprehensive 
rauge covering the measurements of impedance, capaci- 


tance, singing point and crosstalk. All are arranged for 








mains or battery operation and are light, robust and 
partable. They are designed and constructed to the 
tugh standard of quality in material and workmanship 
which is a feature of all “ATM” products 
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Distributors :— 


(JF) AUTOMATIC TELEPHONE & ELECTRIC CO. LTD. 


ail Radio and Transmission Division, 
STROWGER HOUSE, ARUNDEL STREET, LONDON, W.C.2. 
Telephone: TEMple Bar 9262. Cablegrams: Strowgerex, London. 





Testing Equipment... 
or Gain by VISUAL Comparison 
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OSCILLATOR 


loint Manufacturers :— 


AUTOMATIC TELEPHONE & ELECTRIC CO. LTD., LIVERPOOL & LONDON 
TELEPHONE MANUFACTURING GO. LTD., ST. MARY CRAY. KENT 





IEMEN 


MULTI-CHANNEL 
A.C. TELEGRAPH 
EQUIPMENT 


TYPES CTS/6—CTS/24 





FEATURES: 


From 6 to 24 channels available. 
Mounts 12 channels on one side of a 10’ 6” bay. 


Additional channels beyond 12 obtained by group 
modulation 


— ee ee ee ee ee ee ee ee 


Associated bays provide duplicate generators or 
valve oscillators for tone supplies or for channel 
and group frequencies 
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Capacity of bays, 10 systems. 


Tone frequencies are 420 to 3,180 c/s at 120 c/s 
spacing, and equipment complies with CCIT 
requirements in all respects. 


Wide transmission level range for low distortion. 


Sending modulator and receiving detector-amplifier 
panels readily detachable for maintenance by 
plug and jack connections. 
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Equipment operates from 24V and 130V batteries 
or from separate A.C. mains Power Bay. 
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Testing equipment provided as standard on the 
Channel Bay. 


Further particulars on application 
CHANNEL BAY OSCILLATOR BAY 


SIKMENS BROTHERS & CO... LIMITED 


WOOLWICH ; LONDON S.E.18 


Telephone: Woolwich 2020 





MODERN 
CAPACITOR 
ENGINEERING 


TRANSMITTING 
MICA CAPACITORS 


~ 
TRAMSMITTING 
OIL IMMERSED CERAMIC 
CAPACITOR - 


> ie 


UBILIER 


TRANSMITTING 
MICA CAPACITOR 


SPECIAL PuRPOSE 
MICA CAPACITOR 


CAPACITORS 


Dubilier provide the most comprehensive range of 
Capacitors available today for Radio Transmitting and 
Receiving, in addition to Capacitors for Electronic and 


Industrial engincering. 


Duvilier Capacitors are designed and manufactured to 


a high standard of specification, suitability of purpose 
and meticulous capacitor engineering, and they satisfy 
the exacting demands of the British Postal Authorities 
whom we are proud to number amongst our customers 


Full details and technical service upon request 


DUBILIER CONDENSER CO. (1925) LTD., DUCON WORKS, VICTORIA ROAD, N. ACTON, LONDON, W.3. 


"Phone: Acorn 2241 (5 lines) 


Cables : Hivoltcon, London. Marconi International Code. 


‘Grams : Hivoltcon. Wesphone, London 





Standard are proud to have been entrusted with the development, 
manufacture and installation for the British Post Office of the 
coaxial television cable linking the London and Midland television 
transmitters, the coaxial cable and associated Vestigial Sideband 
terminal equipment linking the Midland and Northern television 
transmitters, and the microwave radio link between Manchester and 
the new Scottish television transmitter ; these together constitute 


the longest television relay system in Europe 


Covering a distance 

of 121 miles this cable, in- 

stalied in 1949, has given per- 

fect service since it was brought into 

regular use. It is designed to accommo- 

date very-high-definition and colour television 


A further 

stage of 106 

miles is covered 

by multi-tube co- 

axial cable with Ves 

tigial Sideband ~ terminal 
equipment. 


Standard Telephones 


OMMUNICA \ 
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The latest link in the chain carries the signal in eight line-of-sight 
hops up to the Scottish transmitter 

An F.M. carrier of approx. 4000 Mc/s is beamed by 10 ft diameter 
paraboloids mounted on steel towers 

Apart from the paraboloids and the feeder waveguides all the equip- 
ment is located at ground level, and full remote control and 
supervisory facilities are provided at each station 

Elaborate precautions are provided for automatic change-over to 
duplicate equipment 

Above—A standard suite of transmission cubicles installed at one of 
the seven repeater stations. Right—The repeater station at Black- 
castle Hill near Dunbar on the East coast of Scotland. The height 
of the steel tower is 200 ft 


and Cables Limited 
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ALDWYCH-LONDON W:-C:2 








CARPENTER 


POLARIZED 


RELAY ‘;"* 


The chief characteristics of this relay are low transit time — high 
contact pressure — freedom from contact chatter and positional error — 
high sensitivity — stability — symmetrical action—and ease of 








idjustment 

On VF. dialling systems its use facilitates the design of sensitive 
eceiving equipment, and on trunk telephone circuits the relay’s high 
ensitivity enables it to respond to D.C. dialled impulses received over 
nrepeatered trunk lines of up to 100 miles long 

it is particularly suitable as an impulse accepting relay when a 
minimum of signal distortion is imperative, and because of the excellent 
change-over action and absence of contact chatter the relay is 
unequalled for impulsing the selector magnets in teleprinter automatic 
witching systems 


The relay responds satisfactorily to frequencies up to 100 c/s, 
when the contact gap is adjusted tg 0.004 in. nominal, without serious 
bias disturbance. It can be left cdnnected to line whilst awaiting a 
clearing signal, there being little distortion of through signals since the 





: total leak can be of the order of 10,000 ohms 
i Dimensionally the relay is interchangeable with the * 3000” type 
relay. Terminations can either be made by means of a 12-pin plug base 
as illustrated, or with soldering tags in place of the pins. Protection is 
given by a magnetic screen and a transparent cap which is removable 
for contact adjustments Complete details supplied on request 
Manufactured by the Sole Licensees>— 
TELEPHONE MANUFACTURING COMPANY LIMITED 
Contractors to Governments of the British Commonwealth and other Nations 
HOLLINGSWORTH WORKS . DULWICH LONDON 5&.€.2! TEL GIPSY HILL 2214 (10 LINES) 
| SOLDER, 
N6 roo.s 
8 
. for SPEED, ECONOMY 
i 





and BETTER WORK 


The news that this famous range of Soldering Irons and 
Crucibles is again available has been welcomed in numerous 
branches of industry everywhere. Zeva Tools are unquestion- 
ably without equal for efficiency, economy and trouble-free 
long life. 

ZENA heating elements never need renewal They last the 


life of the tool 


ZENA lrows can be left switched on all day without detriment 
to the tool 


ZENA current consumption for rated temperature is less 
than any other make of tool 


ZEN A imitial cost is the only cost 


ZEN \ lrons are guaranteed 


Write f complete 
ustroted Catalogue 
THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO.,LTD 
Winder House, Dougias Street, London, $.W.1 Phone ViCtoria 3404-9 
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A wuly synchronous repertorator for 
morse code 

Speed range 

40-200 words per minute without 
gear changes 





Several of these 


Supplied with A.C. or D.C. motor 
as required, machines are wor- 


' king daily ac 180 
words per minute 





X Write for comprebensive catalogue 
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HACKB 






ob/e Compony limited 

KELVIN WORKS, HACKBRIDGE, SUR LEY 
= Association with Bryce Electric Construction Company Lad 
a: 














Type J6EHT rectifiers contain oan 
‘“Westalité’’ elements resulting in a greatly 
reduced length of unit for any given output. 
They have n develo to meet the 
demand for small, compact metal rectifiers 
to provide E.H.T. in many forms of equip- 
ment where the current demand is unlikely 
to exceed 2 mA D.C., as, for example, 
cathode ray tubes, electron multipliers, 
condenser storage devices, etc. 

For further information and tables of out- 
puts of these... 


ESTALITE 


36EHT MINIATURE HIGH-VOLTAGE RECTIFIERS 


write for Data Sheet No. 60 to 
Dept. P.O.4, 
WESTINGHOUSE BRAKE & SIGNAL CO., LTD., 82 York Way, King’s Cross, London, N.|! 











Electrical Standards for 


Research and Industry 
Testing and Measuring Apparatus 

DIRECT READING for Communication Engineering 
VARIABLE CONDENSERS 


SULLIVAN & GRIFFITHS 


WITH NOVEL AIR CAPACITANCE 
DECADE RANGE EXTENSION 








This air dielectric condenser comprises a decade of 
air capacitance and « contin variable air condenser 
thus giving a scale accuracy ten times that of an ordinary 
v le condenser of the same range. 


Thus a decade of capacitance is provided—permanent in 
value and entirely free from loss, the only loss present in 
the pl bination of decade and variable con- 
denser being that due to the solid insulating material 
which is inarily employed in the construction of the 
latter. 


The variable condenser has a range of |00uyuF which is 

extended to 1100uuF by ten increments of 100uuF, all 

adjusted with accuracy so that the decade is absolutely IST No. C880 
direce reading in yuF, no corrections or calibration being : L ~ 
necessary. 











_____H. W. SULLIVAN, LTD., LONDON, S.E. 15. 
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POWER BEHIND THE LINES 


TUNGSTONE PLANTE CELLS are being supplied to the British Post Office 


and Post and Telegraph Departments in many countries overseas. They 


conform fully to G.P.O. and British Standard specifications. 


OPEN TYPE CELLS 

Similar to the illustration above, these are 
available in glass and/or lead lined wooden 
boxes in capacities from 100 a.h. to 500 a.h 


REPLATALS 
We are in a position to supply plates 


for the replating of any existing Planté 
Battery. 


ENCLOSED TYPE CELLS 

As illustrated on the right, these are in 
moulded glass boxes with sealed-in lids. 
Capacity range from 10 ah. to 200 ah. 


HIGH VOLTAGE TELEPHONE BATTERIES 


Portable Type. Standard layout for 50 volts, 
in waxed hard wood crates, exactly to the 
requirements of the G.P.O. 


Overseas customers are invited to cable or write their enquiries 
for batteries or parts. Visitors to London are welcome at 


our offices. 








TUNGSTON K Batteries 


For further particulars write: TUNGSTONE PRODUCTS LIMITED 


10 SALISBURY SQUARE LONDON E.C.4 ENGLAND. Cables: “Dilutum”’ London. 

















INSTRUMENTS 
OF THE HIGHER GRADES 


ERNEST TURNER ELECTRICAL INSTRUMENTS LTD. 
CHILTERN WORKS, TOTTERIDGE AVENUE, HIGH WYCOMBE, BUCKS. 
Telephone : High Wycombe 1301/2 Telegrams : Gorgeous, High Wycombe 











The Mark II series of 


SAVAGE AMPLIFIERS 
for Broadcast Relay 





@ These Amplifiers are examples of what careful design can 
achieve. A lift-off back panel affords immediate access for 
maintenance purposes and the removal of six screws re- 
leases the side covers of the rack and exposes all the 
interpanel wiring. Even when the rack is sandwiched 
between others the side covers can be moved just as easily. 
All valves are accessible from the front of the rack, and are 
protected by quick release grilles. The rack is completely 
flat fronted. The general appearance is further enhanced by 
the absence of a projecting front foot, and the masking 
of all panel fixing bolts. Similar racks carrying auxiliary 
apparatus can be placed side by side with amplifiers so 
that the whole installation is uniform in appearance. 


Complete specifications available on request. 


W. BRYAN SAVAGE LIMITED 


WESTMORELAND ROAD ‘LONDON N.W.9: TELEPHONE: COLINDALE7131 











This iS King's Pond- and its waters almost lap the bricks of the Alton 


Battery Works’ south-west wall. It is part of the Company's property— a 5-acre asset in real estate. 
And a symbol of assets in wider terms than accountancy covers. Alton is a country town—with a 
full, rounded, contented life of its own. A town where people have not yet changed to personnel. 
A town where families take root—and son follows father up to the Battery Works. A place where a 
man’s proper pride .a himself arfd his folk and the life he leads is reflected in doing things just that 


all-important bit better than ‘up-to-specification.” And Alton batteries are made by Alton men 


ALTON 


BATTERIES OF MERIT 


Alton stationary batteries: 10 to 15,000 Ah. Also in regular 


production, renewal plates for aii makes of battery, British and Continencal. 
AMA 


The Alton Battery Company Limited Alton Hants Telephone: Alton 2267 and 2268 Telegrams: Battery, Alton 








No. 47 Tape Model Teleprinter 














No. 7 Page Model Teleprinter 


Creed & Co plany Limited 
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Build 
your own 
equipment 


with 


XION 


RSLOTTED ANGLE 


*% Can be used over and 
over again 

* No drilling, measuring 
or painting 


* Just cut it and bolt it, 


Write or welephone fi 
comin nf that’s all! 


dlustrated hierature p-29 
189, REGENT STREET 


DEXION *tsxcox.v: 


Lt M JIT €E D Telephone: REGent 4841 





SOUND INSTRUCTION 
by Postal Method 


The 1.C.S., largest school in the world devoted to spare-time 
training by the method, offers you highly specialised 
Courses for the ing examinations: 


P.M.G. Certificates for Wireless 
C. & G. Illumination Engineering (inter.) 


Graduateship of the B.1.R.E. 
C. & G. Radio Servicing Certificate (R.T.E.B.) 
1.C.S. Examination students are soached till successful. 


Other Courses meet the requirements of all who desire to 
qualify for positions in Electric Power, [umination, 
Heating and Traction Systems. ually successful is our 
instruction for Telegraph and Radio Engineers, Radio Service 
men, and in Elementary Radar and Electronics, Advanced 
Short-Wave Radio and Television Technology. 

Fees are moderate and include ail books required. 
the 
ited. 


WRITE FOR OUR FREE BOOKLET and state 
particular subject or Examination in which you are int 
Generous Discount to H.M. Forces. 
YOU MAY USE THIS COUPON- 


International Schools Ltd. 
Dept. 165A, international Buildings, Kingsway," London, W.C.2 
Please send me, free of cherge, your special 
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second for full screen deflection. 


over whole frequency range. 





TEL: HIGH WYCOMBE 2060 


Automatic Brilliance Control Circuit. 


()SEILLOSCOPE -Type 723 


Y Amplifier response flat from D.C. to 5 Me/s. 
No overloading occurs with full screen deflection 
over complete frequency range at 2 kV E.H.T. 
Variable E.H.T. voltages of 1, 2 and 4 kV. 

Time base range from 0°5 seconds to 1 micro- 


A 1 cm. deflection ensures rigid synchronisation 


Full details of this or any other Airmec equipment will be provided upon request. 


ATRMBC voomsrones LIMITED 


HIGH WYCOMBE * BUCKINGHAMSHIRE * ENGLAND 
CABLES: AIRMEC HIGH WYCOMBE 
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TELEPHONE 
EQUIP 


ENGINEERS WHO 
IN TELEPHONE DIS 
MENT ARE I 
| oa : SECTION T.C.13 O 
| MUNICATION CAE 


oe 
IRELLI-( 


CABLE WORKS, 


EDISW2 


FOR THE PROTECTION OF LINES OF 
COMMUNICATION FROM SURGES INDUCED 
BY LIGHTNING OR FAULTS ON 
NEIGHBOURING POWER LINES 


Ediswan Telephone Line Protectors have now been in 
commission for nearly twenty years. They have proved 
their worth in all parts of the world and are being 
called for and installed in ever increasing numbers. 
Many thousands were employed during the war years 
for the protection of vital lines of communication and 
were eminently successful. Reports of their outstanding 
merit and successful operation continue to reach us and 
in recent years they have proved of particular interest 
for protection against surges caused by lightning 
discharges. 


Further information anc 


THE EDISON SWAN ELECTRIC CO. LTD., 
Member of the A.E.1. 


Printed by SANDERS PHILLIPS & CO., LTD., The 
Published by BIRCH & WHITTINGTON ( 





DISTRIBUTION 
>MENT 


) ARE INTERESTED 
ISTRIBUTION EQUIP- 
ED TO REQUEST 
OF OUR TELECOM- 
CATALOGUE. 


£ 
ENER 


SOUTHAMPTON. 


Telephone 
Line Protectors 


Continued research has enabled us to patent a further 
improvement which removes any suggestion of delay in 
operation. ‘ 


ana prices on application. 


-» 15S CHARING CROSS ROAD, LONDON, W.C.2 
Al, Group of Companies TES 


he Baynard Press, Chryssell Road, London, S.W.9. and 
i (Prop. Dorling & Co. (Epsom), Lid.), s Epsom, Surrey 











SUPPLEMENT 


TO THE POST OFFICE ELECTRIC 
4 ENGINEERS’ JOURNAL 


April 1 
CITY AND GUILDS OF LONDON I! 


QUESTIONS AN 


To conserve paper the answers to a few quest 
the selection being made to cover 


RADIO Ill, 1951 


Q. 3. State the main requirements of an aerial for the reception of @Q 
television signals in an area of low field strength and high noise level 
Sketch and describe an aerial f this purpose, indicating u 


approximate polar diagram and gain 


A. 3. The main requirements of a television aerial for use in an 
area of low field strength and high noise level are as follows 
a) the directivity, and therefore the gain, should be as large 
as is practicable 
the aerial should be erected as high as possible above the 
surrounding terrain so as to be in the strongest possible 
signal held 
the aerial direction should be adjusted for the best com 
promise between the strength of the wanted signal and that 
of local noise sources 
d) the feeder used should have a low attenuation and be 
adequately screened 
A Yagi" aerial suitable for such a purpose is indicated in sketch 


t consists of a dipole, approximately one-half wavelength long 


$droPo.e 


POLAR DIAGRAM 


(bd) 


+ with a reflector behind it and two directors in front. The reflector 
and the di a ontinuc metal rods or tubes, the former 
being slight 10 alf-wavelength long and the latter 
slightly less lipole is in two sections, connected to the two 
wires of a balanced-pair screened feeder \ll the elements are 
mounted on a common horizontal rod or tube The spacing 
between the nents varies with individual designs, it is adjusted 
for a suitable compromise between gain and bandwidth, and ts usually 
of the order of one-eighth wavelength 

rhe approximate polar diagram ts shown in sketch (4); it provides 
maximum received signal strength in direction OA and a fair degree 
of rejection of unwanted signals or noise coming from directions 
such as OB. In some instances it may be best to sacrifice a little 
signal strength to achieve an even greater rejection of unwante 
swnals, ¢.2 by rotating the aerial so that the unwanted signals 
come tron lirections suc as (x 

The maximum gain of such acrials is about 5 to 7 db., the lower 
value of gain corresponding to a wider bandwidth 
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951 (continued) 


VY. 4. The transmitting and recewing aerial 
radio link have a ‘‘line-of-sight’’ path above a 
Derive an approximate formula for the 
trength to that which would have been rece 

earth urface Indicate by a sketch h 
aries as the height of the receiving aerial i 
Perfect veflection at the earth urface 
serial heights taken as small compared 
serial 


A. 4. The field st gth at the receiver at B 
at A, sketch (a), is det nined by the vector sum « 


follows the path AB, and the reflected ray which 

ACB. If the heights A,, A, are both small compare 

7, between A and B, then the field strengths « 

reflected rays are approximately equal B 

ground is a perfect reflector. The resultant field 

depends on the pr ase difference, $, between the tw ray j 
difference between the path lengths, (A¢ CB AB, if A, and 
are small compared with d, the path length difference, dd, 1s g 


: 
i,* . h,* d,* VA 2 
2 : 
h, , ' hy . i 
2d, 7 2d, : 
i 
gles ACD, BCE are equal 
h,/d, h,/d, 
Hence dd Zhih, 1 
wresponding phase-shift ¢ due to the path-len 


od ~ 4nh fh, 


A Ah 
There ts also a phase shift # which occurs 
at ; fect conductor, the total phase 
direct and reflected rays ts therefore (¢ 
The resultant field strength / ts the 
Fe¢ w (sketch (/ where F, 1s the held 


and reflected rays 
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n accordance with the following table 


are speed cams 
ree 
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f the phases 
by ging to the 


~qualised 


ams on the ringing machine change-over switch on 
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Each of the ringing and tone supplies is fed via 
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the rapid kxation of faults on the distribution. For 
n the diagram the ringing return battery fuses for eac! 
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it elements concerne: 


exchange 
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ve relay, 5S, and the bush of the jack to cause the 
lamp to flash, indicating to the operator that a dialling 
been taken into use. The operator throws the speak 
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conditions and disconnects the flicker 
supervisory lamp goes out 
SPEAK anid DIAL CALL keys 
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relay | and the shunt-field relay 
Kelay IL. operates to battery and earth from the select 
1) relay does not operate at this stage. Earth from |)! 
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When { 
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calling 
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shows the circuit elements concerned on a call to a 
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iain the proce f setting up a cail on a manuai tei h connection ul 1 des : the switching network 
Aing yitem tiusrating your answer 1¢ re must be taken that Howl w transmitter distortion 
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electro-magnetic wave 
is transmitted 
any physical connector 
conditions, the energy due to n 
forces 


expression is used to explair 


tnagneti between 
st ft 
favourable 


i and 


energy 
being 


two points 
here betweer 
r Ihagnetu 
and the 
ss called 
to be 


ating cle 


acting at a mnt 
by 


an electro 


space which 
the pe 


» Magnetu 
the 


means 
int magnet 
energy transmitted 
magnets c ‘ stimuli 
mot tx nhned 
Now, the 


{ 
mn D 


magnet held, due t electri 
pund 
With such a 
external magnet 

ctric held due to a 
ross two parallel 
short 
between 
ttle, if 


wire uniformly w 


m a homogene 


will be contimed to the core closed 


be no 
the 


force 
difference 
metallu 
distance 
the plates 
in external ¢ 


weparat vy only very will 
ni hines 
theref 

a system which has ars 


heid 


externa 


xternal electri when an 


will exhibit magnet 


difteren 


will 


ntial \ailitaine 


tue « 
capacitance 


an its electri 
the elt Ag 
the indiv | Capa 


feild not 
the 

itances 
h Hence 


the 


nhine 
wire it 


un single 


lue to eg 
minim 
“ shete ita 


source ctrical 


human 
wetween 


wire and earth 

ce through the 
will flow 
an tx 

in the honzontal 

The quantity of 

1 of inclividual ch 

sociated More 


a quantity of electricity wil 
thes 


will { 


me 
wire to cl 


the 
represented by « 


Large } 
thi 


mecentri 


a 


*) 
roadt 


in wire and i 


tl 


i 


plane, hay 
electricity 


ing 
SU pr prine 
mall witl 
these 
1 be 


irges 
are as when 


ciated 


ver 
binne 
ition 


tablished 


m 


lirects 


also and the 
electro- magnet 
the 


m racdiat 


The 


remall 

have 

erist 

4 further 

measuring § 
high frequer 
trument 

recurri 
sound 
instrumen 


th 


estimating 


energ iser 
length apart, the polar diagran 
tal plane will be 

For consider the 
two dipoles The 
Tel. Pr 


iveyv Vv AD 


to botl dipoles 


referred when the radiation 


rontal plane 


and 
sound 
tnitne 


intensity level 
intensity of 


f a sound, f 


und 
and 
ensily 


level is generally accepted 
K.M.S. sound pressure of 
measurement of loudness and 

certain closely defined 
lard 1000 c's tone has to 
level before it 
the 


indet 
stan 
he reterence is 
und being 
1dness of m phons 
h can detected by the 
0-0002 dyne cm. Hence, 
a reference the intensity 


measured 


be 

Sq 

AS 

sound and 1s estimate 

vy the sound Thus, the 

mparison with a standard 
until it 


an 


appears to be 


ata pot in a progressive 
Tgy per unit area normal t 
ntensity of a sound is measured 
nnected to an amplifier 
I). C. measuring instrument 
microphone constitutes an 
luce distortion. When the 
mparison with the dimensions 
iaphragm will be approx: 
at the point before the 
short wavelengths, the sound 


1 
sted 


almost double that in free space 


*n deciding the best methax 
alibration, when effecte 
desirable that the microphone 
1 reasonably flat frequency 
measuring instrument when 
Provided these fa 
he natural frequency of the 
that they are constantly 
an be applied, but, if the 
peaks, the movement of 
taken into account 
r test 


are 


when 
ince 

loudness 
of audibility 


general 
limit 


increases 


wider that 
the 


fulfilled in 
ad inductively coupled t 
the fre 


A must be 
expression for 


puency 


frequency stability 





47 
th 
the 


al 


sent 
s ave 0-Ol 
f 100 
f the 


tstor 
alue 


mbtnalion 


TELECOMMUNICATIONS 





0O-Ol mA 


am 


apaci 


thai th 


1600 


(PRINCIPLES) IV, 


1951 (continued) 
! I 
70-7 / 28° 48 


o-o124 0-068 


ittance 


ood vs” 648 


{ Z in parallel with 100 ol 
o-o224 O-O008 0-234 
0-0234 


1 inductive 


rads be the 


12-4 


8-6 wl 
—_—_ 


z z 


$f TIS “a 


Uap 
0a 


PTELECOMMUNICATIONS (PRINCIPLES) V, 1951 


j2Seso00t F 


4 2a 
Za 
Zale 


| Pe 


Za lim and 7, 
Za Z. we ns 
1 oe 
\ is 
iy $ 
LiMn 
3 





TELECOMMUNICATIONS (PRINCIPLES) V. 1951 (continued) 


¢ atitunmed t ¢@ (hur 
from the 
mary ein 


har acter 











RFOUTPUT 


ise a heated cath 
heavy gauge Opt 
ollector), which ts 
otf some 2,000V, collects 
after they havestreamed 
iniiorm magnetic held 


ug the turns of a large 
straight part of the glass 


i Straight parallel path down 
y rs in the form of small 
each end of the helix so 
and output waveguides 

its. A film of graphite 

region of the centre of 
of self-oscillation due to 

to the input waveguides 

manner. A signal in the input 

els at approximately the 

The electromagnetic field 

reated has one of1 omponen 1 longitudinal wave which 
lown the axis of the with a velocity determined by the 
1 helix us Vv ity I tively low; it may be about 
vam from the cathode is 

> high steady potential 

with a velocity only slightly 

mponent of the electro 

these conditions of almost 

takes place down the length 

m and the electromagnet 


ensity of the signal field in 
ie field progresses down the 

tuations in the electron 

shghtly faster than the field 

luctuati bu i ramplitu il, after a certain distance 
MNMeEn< MASS CT y te ‘lectromagnetic wave, this 
transfer inct intform wn e rest of the helix. An 

1 signa rre her ivail at the end of the helix 

se the o 

nal gain of th er of ib. can be obtained with a travelling 
ibe designe f cal quency in the region of 4,000 

, 600 Mc's. because 

ne as a resonarit 

waveguides to the tub 

ting the width of the 

mossessed by ot 

wave Va e 
igineers The 
relatively high 
D.C. solenoid 


R.F. power 





rFELECOMMUNICATIONS 


(PRINCIPLES) 


\ 


1951 


(continued) 


Answer 


Apri 


mt ron 
qand (I 
1 signal 


’ ima 


1, Te 


1050 


mpare 
radi 


uf the 





TELECOMMUNICATIONS (PRINCIPLES) V, 1951 (continued) 
fer eficient of a passive network tl x) O47 de 
: 185-3 


mf the vector ratio of the ady 
he 102 


46 iran 
aD lon-3 


logarithm 

entering the network to the 

berg terminated by ite in 1" dan 

to sketch (a O- 3M 
Zolty ’ “a ar 
4s 4 


4¢ 
Za , * > 2 
ss log log, » > 201-0902 
’ ar 
transter vethicient, then 
’ 
41 (4m o J. Describe a reactor valve, for producin 
“ny 4 vy modulat 
fain cieariy how t ! n ampitlude 
duiated output 


image 21-804 db 
— 
and frequency 


ating signal 


that of a pentode valve 


is th 


remembered that in the 


zo 
NV lo 


aL Pau 


yh 








i al ie 7 


oa 
OST) * 120 64 32 le t! 
leal pentode the anox | res is 3 a F 
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ptm] Ome > value of anode bove this value, the anode current 
and anode voltage and will 
yitages applied to the three grnds 
ll depe nd on these voltages 
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nstant and wv aiternating in a 
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A. 10. A radio receiver 
a device to collect energy from 
receive 

means for detecting the intelligence 
an amplifier-reproducer for 
form 

It is difficult, at the present 
economical amplification for low le 
as 1000 Mc’/s—the 
developed to encourage 
consequently in an S.H.I 
on the energy extracted from the antenna 
amplhiication All amplification of the 
detection, i.e. at a lower frequency A first tent at 
low operating voltage ts therefore required. It mu ave 
small input capacitance to avoid appreciable st 


fort 
the 


in its basi nust 


transmissi lesired to 


gnal 


present lin intelhgible 


state provide 


vel signals ¢ requencies as high 


travelling wave valve is not as yet sufficiently 


extensive commercial appli 
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system, without initial 
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reception of short-wave telegraph, 
State the relative advantage 


i veception 
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tdvantage 


A. 1. If two carriers, frequencies fy te, are 
same strength over a short-wave radio link 
any spe 


are unlikely to be of equal strength at 


the 
signals 
of time 


transmitted at 
the received 
thed instant 


is vaned 
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I pF has a reactance of 160) 
types of conventional H.F. thermionic 
this work because their input capacitances are 
and the electron transit time between the electrodes 
appreciable fraction of one cycle of the signal 

Sihcon crystal diode detectors are therefore employed, of the type 
illustrated in sketch (a The whole unit is very small-less than 
1 cm. in overall length. A small speck of silicon crystal 
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high 
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unsuitable 
relatively 
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(c) 


trace of aluminium dissolved in it to make it a p-type semiconductor 
is mounted by soldering into a metal cup which forms the base 
terminal A finely-pointed tungsten wire, operating as a ‘cats 
whisker,” presses lightly on to the surface of the crystal, to provide 
the second terminal. An insulating sealed cartridge-type case gives 
the unit a cylindrical shape so that it can form part of a co-axial 
transmission hne 

Rectification occurs only in the barrier layer of the surface of the 
silicon immediately beneath the contact point of the tungsten \ 
minute contact area is essential to minimise the input capacitance 
and give efficient rectification, but the large area contact at the back 
of the crystal takes no part on the rectification process. The electron 
transit time in the crystal diode is determined by the thickness of the 
barrier layer (say 10°* cm.), and this is negligible at 1000 Mc s. The 
equivalent circuit of a crystal diode is shown in sketch (5) 

R is the ‘spreading resistance’ of the body of the crystal 

ry is the non-linear resistance of the barrier layer which is responsible 

for the rectifying property 

C 1s the input capacitance 
The barrier layer has a high dielectric constant 
of the tungsten wire point is so smal] that, nevertheless, © is an 
extremely small capacitance. The S.H.F. characteristic of the diode 
therefore differs very little from that taken at D.C. Sketch (c) shows 
the current voltage characteristic of a crystal diode. The tungsten 
wire is positive to the right of the diagram, negative to the left. The 
resistance of the diode is low on the right--which represents the 
conducting condition—-and high for reverse voltages. The value of 
the backward resistance, and in particular its stability with time 
provide a measure of the quality of the diode as a detector unit 

For the low level detectors met in S.H.F. receivers, the character 
istic of sketch (c) is used only around the origin where it approximates 
closely to a square law. Sketch (d) shows this part enlarged, with a 
sine wave input signal superimposed and the resulting asymmetrical 
current flowing in the diode This current has a D.C. component 
with magnitude proportional to the square of the input voltage 
The lowest detectable level is determined by the thermal agitation 
noise in the crystal. The highest is limited by the current-carrying 
capacity of the contact point 


but the contact area 
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due to the 
over paths of different lengths 


wave-interference that occurs between signals propagated 
This multiple-path condition arises 
for example, when the signals have been reflected once, twice or 
more times between the ionosphere and earth As a result the 
received signal strength at a specified time varies with frequency as 
ndicated in sketch (a signals only | kec/s apart may differ in 
evel by 20 db. or more. However, a few seconds later the variation 
f signal strength with frequency may be quite different from that 
shown in sketch (a), and the signal that was the weakest may then 


be the strongest In frequency-diversity reception the same 





RADIO 





niormation is transmitted on carriers at two adjacent frequencies 
and is received on separate receivets as shown in sketch (/ he 
of the receivers are combined, and the receivers are 
mually operated with their automatic gain controls connected in 
parallel This arrangement ensures that the strength of the com 
mned audio output is determined by the stronger of the two input 
frequency-diversity reception thus substantially minimises 
that i characteristic of short-wave racdw links and 
frequent penods of poor signal-to-noise ratio that might 


audiw outputs 


ignais 
the fading 
avoids the 
therwise be the case 
Spaced-aerial diversity similar in 
trequency-diversity except that it makes use of the variation of 
held strength with distance that occurs on short-wave radio links 
fue to multiple-path conditions. The strength of signals received 
no the same frequency by two similar aerials spaced a distance 
%,~8,) apart may differ by 20 db. or more at a given instant of 
,) ts 100 metres or more, as shown in sketch a 
few seconds later the difference of levels may be By 
providing two spaced aerials feeding separate receivers tuned to the 
as shown tn sketch (d), similar impgovements to 


gee 


reception 1s principle t 


time, if (s s,) 


reversed 


ame frequency f 





stated for frequency -diversmty can be obtained 
The advantages of frequency-<diversity as compared with spaced 
aerial diversity reception are 
i) only this is often 
mobile applications where space ts limited 
ii) at times when fading ts not severe and diversity operation 
an be 
reasing the 


one acrial is required important in 


used to transmit 
trath< 


is not essential the two frequencies « 
lifferent information, thus in 
apacity of the hnk 

frequency «liversity as 


handling 


i} mpared 


The disadvantages of with 
aced-aerial diversity reception are 
1) it ts onomical in its the spectrum 
two transmitters may be required always the 
use, for example some single-sideband transmitters can 
transmit simultaneously on two adjacent frequencies 
wider frequency band is 


system may be 


uner use of frequency 


this is not 


i) because a used, a frequency 


diversity reception more vulnerable to 


interference 
fivectional aerial 
000 Mi, 
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,000 Mes « 
noentrate the radiation 
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Low 


ratiac 
parabolowdal mirrors in order t 
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sketch (a The 


operating at frequencies in the 
ften employ 
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hown im aerial ts energis 
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from a waveguide feeder, i.¢. a rectangular section copper tube 
along which a TE,, wave is freely propagated. The TE,, wave 
is @ wave in which the transverse electric field is parallel to the short 
of the waveguide, the field strength being a maximum at the 
entre of the waveguide and zero at the sides. A typical waveguide 
for use at 4,000 Mc/s is about 6 cm. wide and 3 cm. deep; such a 
waveguide will transmit freely waves having a wavelength shorter 
than twice the broad dimension of the waveguide, 1.e. shorter than 
A 12 cm., or of frequency greater than / = 2,500 Mc/s 
The open end of the waveguide feeder is placed at the focus of 

paraboloidal gyrror waves emerging from the open end 
spread with a spherical wavefront until they strike the mirror 
they are reflected. The profile of the mirror ts such that 
ab’c’ are all equal, and the emergent wavefront is 
onverted from a spherical wave spreading equally in all 
lirections, to a substantially plane wavefront corresponding to a 
highly directional beam 

The “ polar’ or radiation diagram of such an aerial ts indicated 
approximately in sketch (5) for an 8-ft. diameter aerial. It can 
that the radiation is mainly confined to a narrow beam 
about 2-5° wide, and that the response more than + 10° from the 
direction of maximum response is at least 30 db. below the maximum 
The width of the beam varies inversely as the diameter 
if the mirror; thus with a mirror 4 ft.1n diameter, the beam width 
is some 5 

The power gain of the aerial, relative to an “' isotropi 
one radiating equally in all directions) is given by 


side 


the 


where 
paths alx 


thus « 


be seen 


response 


* aerial 


4nnA 
- 
where » is the area efficiency (usually about 60 per cent), 
A is the area of the aperture of the mirror, 

and Ais the wavelength 

The gain of the &-{t. diameter aerial referred to above is some 36 
db. at 4,000 Mc/s; if the diameter were reduced to 4 ft. the gain 
would fa}l to 30 db 
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Q. 3. Describe with a circuit diagram, how to apply negative feed 
back to a multi-stage wide-band amplifier What are the effects on 
the performance of the amplifier 
In the absence of negative feed-back the 
arws with frequency as fol 
Frequency (h l 10 10 
1b on 35 0 30 
wing the variation of gain with frequency when 
feed-back 1s applied such that the input to output voltage 
the feed-back path is 12 db Phase shifts in the amplifier 
i-back path may be neglected 


liage gain of a wide-band 


piifier iow’s 


¢ 
1,000 

Gaim 
Draw a curve sh 


and f 


A. 3. In a negative feed-back ampliter a voltage derived from 
the ampliher output is superimposed upon the amplifier input in 
such a way as to oppose the applied signal; when this is done 
the properties of the amplifier are modified in ways that are 
desirable for many purposes 


























3 
tt 
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(a) 


The circuit of a typreal 
hown in sketch (a The 


amplifier with voltage feed-back ts 
output voltage E, is developed across 
R, and the load resistance R, in parallel; a fraction, 8, of E, 
fed back in with, and in phase-opposition to, the input 
The effective input voltage is thus FE, + BF,, where 


series 
voltage F, 
If the voltage gain of the amplifier without feed-back 


then 


plE, + BE,) = E, 


E, 
E, 1— pp 
feed-back factor.’ 


Hence, the gain with feed-back is 


where yf is the If 8 is negative the effect of 
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feed-back is to reduce the gau 
compared with unity the 
under this condition 
haracteristics of the 
network of resistors, as in substantially 
independent of frequency ov wid n is als 
independent of the ageing of valves : y Z of 
voltages. Further important advantages negative feed 
that it reduces distortion due to non-li : ] 
istics, it reduces hum fr 
noise due to valves and other «x 
negative feed-back also reduc he : pedar { the 
amplifer; this may be an acl 

tage in certain applications 
forms of feed-back, e.g 
feed-back, are also used The 
application of negative feed-back 
to multi-stage amplifiers is by n« 
means as simple as sketch (a 
might suggest; precautions must 
be taken to avoid instability 
possibly at some frequency wel 
outside the working range, at 
which the phase-shift around the 
feed-back loop is such that posi 
tive feed-back occurs 


gain 
the gain 

feed-bac 

largely 
supply 
back are 
haracter 
als itages and 


itage 


irrent 





Example 
The 


given by 


gain with feedback 


In the present case 8 aries with 
frequency as shown below 
Frequency (k« 100 
Gain (db 25 ) 0 
7 p (ratio 31-6 
up i 70 
With (rE, la ; 3-55 
feed-back ¢E, 1 — yf 
\Gain (db 10-3 iI-4 11-7 
The gain with and without negative feed-back is plot 
frequency in sketch ( it is evident that the variation of gain 
with frequency is much reduced by k, but the 
maximum gain is some 28-3 db 
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Without 
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less 


Q. 4. Sketch the distribution of line 
in a cylindrical conducting cavity 
frequency 

Explain how resonance occurs in such a 
m which the resonant frequency depend 


mant 


tate the factors 


A. 4. The lines of electric force in a cylindrical] cavity 
in its lowest mode are shown in the sketch; the 
force are parallel to the axis of the cylinder and the field strength 
is greatest near to the axis, falling to zero at the walls cavity 
The lines of magnetic force, on the other hand, are circles in planes 
normal to the axis of the cylinder; the magnetic field 
greatest near to the walls of the cavity and falls to zer 
The lines of electric force referred to above terminate at 
and negative charges on the end faces of the cavity 
are in continuous motion, moving radially and outwards 
across the end faces and up and down the side The moving 
harges thus constitute currents and 
the walls and faces { the 


< energy is 


unes « 


intensity is 
at the axis 
positive 
these charges 
inwards 
walls 
since 
lost and It replaced from an 
external sot e.g. an oscillator 
ul the maintained 

a state of oscillatior Energy can 
readily be fed into the cavity by 


cavity in 


of a small loop, fed from an 
} 


ine and 


means 
opulm 
Via a axial 


with the 


sculator 


magnetic held in 


uping 


red aiternately in the 


ent the cay ity 

The main energy in the cavit . 
field and the magnetic field yscillate with a phase 
difference of 90°. The losses of energy are mpared with the 
stored energy, thus such cavities have a higt 0 fa randa 
narrow bandwidth when regarded as a resonant circuit 

The period of oscillation is determined by the time 
wave to travel from the axis radially to the 


y 1s st 


since 


ciec tric 
these 


small « 


taken fora 


walis of the cavity and 
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back ; the resonant wavelength is thus independent of the length of 
the cavity and depends only on its radius; it is given by, A 2-1 
where + is the radius Thus a cavity with a radius of 2 om 
has a resonant wavelength of 5-22 cm, the corresponding frequency 
750 Me's 


being 


Y. §$,. Describe with sketches two methods of compensating | he 
effects of temperature changes on the frequency of an LC oscillator 

The tuned circuit of a | Me/s oscillator comprises an inductor and 
t 1.000upF capacitor. It is found that the frequency of oscillation 
decreases by 750 c/s when the temperature rises by 15°C, due entirely 

the temperature coefficient of the imductor lf rm Pen sali my 
capacitors having a temperature coeficient of 200 parts im 10° per 
C are available, how much of the original capacitor should be replaced 
by a compensating capacitor im order to avoid the change of frequency 


YQ. 6 Using a circust diagram, describe an amplitude-modulatea 
600 Mc/s transmitter for telephony, consisting of an oscillator and a 
power-amplifier with grounded-grid triode valves and resonant coaxial 

mes as tuned circuits, together aith a modulating amplifier 


gy. 7. An 


aerial of wmpedance 300-—7300 ohms at 20 metres wave 
ngth is to be connected to a two-wivre transmi:sion line of 600 ohms 
haracteristic impedance The aerial is to be ‘matched to the 
by a low-loss stub-line, also of GOO ohms characteristy 
Sketch the arrangement of the transmission line 


feeder 
impedance 
stub-line and aerial 


A. 7. It is first necessary to determine the parallel components 
R and )X, sketch (@), corresponding to the series components 
100 ohms and 7300 ohms, of the aerial impedance 


=e ” Mont email 


comes 
tous 


(a) 
RyX RX* / 
R +X Rt + X* \ 
, R* R 
300 = oR * » 
Thus R 600 ohms and jX j600 ohms 
The problem thus resolves itself into finding a stub line of such a 
length, /, that it presents a reactance jX, of + 7600 ohms in order 
to cancel the aerial shunt reactance of 7600 ohms 
The reactance of the stub line is given by 


jX, 


300 1300 


Hence R — X and 


l 
Z, tan 2 
J4e > 


where Z, = the characteristic impedance of the line 
Let Ze 600 ohms, 
A = 20 metres, 
jX, = 


i 
then + 7600 — 7600 tan 2n } 


- 20 
Hence 2 and / 2-5 metres 
A 4 s ——$_— 


The 
aerial 
} 


stub line of length 2-5 metres can be connected either at the 
or a multiple of a half-wavelength away, as shown in sketch 


Q. 8. Explain how you would determine, with the aid of a 
ignal generator and a valve-voltmeter, the main 
havacteristics of 
a) a limiter, 
and (b) a discriminator 

im a frequency-modulation recetver 

Give sketches showing the performance characteristics you would 
expect from (a) and (b) im a correctly aligned receiver 


tandard 
performance 


A. 8&8. a) Limiter characteristi 

In order to measure the limiter characteristic it is convenient t 
use a frequency modulated signal derived from a standard signal 
generator, the deviation being, say, + 25 kc/s at 1,000 c/s. The 
input signal level to the receiver is increased in steps of about 5 db 
from one microvolt to a value well beyond the threshold of limiting 
and the audio-frequency output level from the receiver is measured 
on a suitable meter, for various values of the input level A 
typical characteristic is shown in sketch (a) the threshold of 


23 
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limiting in this example corre 
sponds to an input signal level 
of about + 15 db. relative to 
t wV. For higher input levels 
the audio-frequency output 
level is substantially constant, 
indicating effective limiting 
The input signal frequency 
in the above test is usually 
*20 *30 +40 *K adjusted to a value corre 
NPUT dm REL TO 1,.\ sponding to the mid-band 
4) frequency of the intermediate 
frequency amphier 





Liscriminator characteristyu 

For this test an unmodulated carrier is employed and its 
frequency 1s varied in steps of some 5 ke/s, over the intermediate 
frequency passband of the receiver. The level should be such that 
effective limiting takes place. The discriminator output is measured 
by a D.C. valve voltmeter connected across the discriminator load 
circuit microammeter (0 to 100 wA) connected 
in series with a 100,000-ohm 
resistor can be employed 

The characteristic of a 
typical discriminator = is 
shown in sketch (+ it 
should be linear over a 
range corresponding to the 
maximum deviation that 
is to be employed, ie 

60 ke's in the example 
the output should 
pass through zero at a 
frequency corresponding to 


the mid-band frequency, /,, of the intermediate-frequency amplifier 


Q. 9%. 


alternatively a L).« 
oureut]"© 
VOLTS 





Lan shown 
b) 


What are the purposes of the pilot carrier which is normally 
vadtated in a single-sideband short-wave telephony transmission 

Show, with the aid of a hematic diagram, how the pilot carrier 
can be selected and utilised in a single-sideband receiver 


A low-level pilot carrier, some 20 db. to 26 db. below the 
normally radiated in single-sideband 
The purposes of this pilot carrier are 


A. 9%. 
peak sideband 
short-wave transmissions 
as follows 

after selection in a narrow-band filter, amplification and 
limiting to remove fading, it can be used to demodulate 
the sideband signal, i.e. to recover the audio-frequency 
signal originally applied as modulation at the transmitter 
it enables automatic frequency control (a.f.c.) to be used 
to keep the receiver precisely tuned to the incoming 
signal, so that the pilot carrier always lies in the passband 
of the narrow-band carrier filter ; 

it provides a means for operating 
control (a.g.c.) system in the receiver 
audio-frequency output level substantially 
spite of fading 

The sketch shows part of the schematic diagram of a single- 
sideband radio receiver, illustrating how the pilot carrier is selected 
and used. The carrier is separated from the sidebands in a narrow- 
band (+ 25 c/s wide) filter at 100 kc/s, it is then amplified linearly 
and rectified to produce an a.g.c. voltage for application to the R.F 
and I.F. stages of the receiver. The carrier is then passed through 
a limiter to remove fading; it is then termed a reconditioned "* 
carrier and can be used for demodulating the sideband signal. 

The reconditioned also used to operate the a.f« 
system for this purpose reconditioned carrier, frequency 
100 ke/s + Ac/s, is mixed with 100 ke/s derived from a quartz 
crystal-controlled oscillator (the “ local’’ oscillator) and beats at 
Ac/s and Ac's 90° phase-shift are derived. The beats are 
applied to the windings of a two-phase motor that drives a capacitor 
associated with the second beating oscillator in the receiver, the 
oscillator operating at 3 Mc's + 10 ke/s. The a.f.c. motor runs in 


level, is 


the automatic gain 
thus keeping the 
constant in 


Carrier 1s 


the 
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such a direction that the beat Ac/s is eventually reduced to zer 

by an appropriate variation of the frequency of the 3 Mc/s oscillator 
the receiver is thus maintained continuously in tune, even though 
drifts of frequency of up to a few kilocycles per second occur in 
the transmitted frequency or in the frequencies of the first and 
second beating oscillators in the receiver 


Q. 10. The anode-current of each 
amplifier varies approximately linearly from zero al 
to 100 mA at sero bias, at which point grid-current commences to fi 
The H.T. voltage is SOV and cach valve operates alternately 
load of 4,000 ohm { 
Calculate 
a) the v.m.s. value of the grid driving 
power output (grid current cer 
b) the maximum power output 
and the efficiency 
A. 10. The instantaneous anode-current 
grid-voltage relationships in the push-pull class B stage are shown 
in the sketch 


valve of a push-pull cla B 


20) grid-hna 


resistance 


and 


anode-voltage 











20 volts, hence 


(a) The peak value of the grid voltage, 1}, is 


14-41 volts 


‘ 1 
the R.M.S. value is . 20 
Vv? 


(6) The combined anode current for the two valves is a sine 
wave of peak amplitude 100 mA and the corresponding anod 
400 volts, The maximum 


voltage swing is JR - x 4,000 } 


1,000 


100 400 


V. 

(aus 

, 2 

The mean anode current is —. 100 mA and this supply is 
wv 


power output is therefore l, 20 watts 


(Ams) 9 
. 


Vv 21000 v 


The direct power supplied to the stage is therefore 
2 100 
-——— +» 500 
7 1000 
Hence the stage efficiency is 
Alternating power output 20 


at 500 volts 


31-9 watts. 


x 100 = 62-88%. 
Direct power input _—_—— 
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